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The Lockheed Trolley Low Altitude Airdrop Concept employs a towel parachuse
to maintain tension in = long cable from which a load ray be suspended until
it contacts the ground. Arfter it is extracted by the force of *he parachatc,
tre load slides beneath the cable until it contacts the zround. Rate of
descent is controlied by a winch in the aircrait that reels in the cable as
needed to minimize impact velocity.

Tiiis prelimina~y concept-oriented investigation was undertaken to determire
the fezsibility of developing this system for operational use. The s*udy
consists of anaiytical evaluation of the operational parameters, limited
compunent testing, and consideration of basic hardware requirements. Finala-
zation of hardware design is not within the sccpe of this report. Digiial
and analog computer simulztions of Trolley airdrop are among the analy i
rethods amployed. Two tests of a parachute tcved on a Trolley cable bernind
a C-130 aircraf. are evaluated. Laboratery tests of certain corponents avz
analyzed with respect to flight safety.

The results of this ~tudy indicale no problems which preclude the develorment
of the Troliey airdrop concept into an operational system for airdroppirg
individual ioads of 2,300 tc 10,000 pounds from a C-130 below 500 fee*, Com-
parison of Trolley to conventional ajirdrop shows: (1) costs are reduced,

(2) accuracy is improved, (3) impact velocities are lower, (L) riggirg is
simplified. However, the sysiem is unsuitable for mass assault where several
unit loads must be dropped per aircraft pass.

viii
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PRELIMINARY INVESTIGATION OF TROLLEY LOW ALTITUDE AIRDROP CONCEPT
I. Introduction

Currently there is no operational airdrop system that provides for low
aititude, high-accuracy cargo delivery with a minimum of preparation of
drop site and delivered cargo. The Lockheed-Georgia Company's Trolley
airdrop concept is a system devised to satisfy ihe above requirements and
to provide a wide range of operational flexihility for airdrop aircraft,

This study, funded by the U. S. Army under Contract DA 19-129-AMC-856(N),
required a detailed analytical investigation and limited component testing

to provide data on the practicality of the Lockheed-conceived Trolley system.
The intent of this study, therefore, is to perform a preliminary investigation
of the Trolley airdrop concept with emphasis being placed on operational
capability. The limited component testing is consiaered to be of secondary
importance in this phase. Since the investigation is preliminary and concept-
oriented, a major effort of the study is confined to analytical methods which
include both digital and analog simulation of the Trolley concept. The
digital and analog simulations were developed at Lockheed-Georgia and are

used extensively in the investigations.

This study also included an evaluation of the operational charact-ristics of
the system. The expected procedures to he used in dropping cargo Ly means
of Trolley are of particular importance because they indicate the ease with
which the system can be integrated into Army units. A brief flight test
program is also included to confirm certain assumptions made concerning
system operation.




II. _ecnnical Evaluation -

The technical investigation and evaluation of the Trolley airdrop zcn-
cept was concerned with the following four areas,

Mathematical Analysis
Operational Analysis
Functional Analysis
Test Program

c 0 o0 o

Each of the above items is discussed in detail in this section of the
report,

Mathematical Analysis

Construction of a realistic mathematical wodel tu describe Trolley
airdrop requires a thorough understanding of the phases of operation
of Trolley as shown in Figure 1. The system consists of a parachute
trailing at the end of a long cable which passes through a slide cn
the drop cargo and onto & winch in the aircraft. A stop which cannot
pass through the slide is attached to the cable between the drop carge
slide and the winch, When the winch brake is released, the drag of
the parachute is applied to the slide by this stop, thus extracting
the drop cargo from the aircraft.

For the first few seconds of drop, the cable between the drop carge
and the aircraft is allowed to pay out freely; the tension in that
portion of the cable is minimal. The system in this phase is much
like the extraction phase of a conventional paradrop.

After a predetermined amount of cable is payed out, the winch is guickiv
braked to a controlled stop, and the tension in both cable sections
becomes approximately equal, Due to aerodynamic drag and the differen-:
in line slopes, the slide from which the drop cargo is suspended beg.ns
to move toward the parachute while continuing to decelerate horizon-
tally. Vertical velocity is arrested by the support of the cable.
After the drop cargo velocity has been reduced to a satisfactory leveo’,
the winch is allowed to reel-in in order to maintain a predetermined
constant cable tension. This action allows the drop cargo to mainta:n
relatively constant vertical and horizontal veclocities suitable for
ground impact for several seconds, thereby reducing system sensitivity
to errors in aircraft altitude.

When the drop cargo touches the ground, the slide is disconnected fron
the diop cargo by a standard impact relcase mechanism. A short time
later, the slide is released from the cable when it strikes a stop
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placed on the cable about 10 feet from the parachute. The cable and
parachute are then retriaved into the aircraft.

The mathematical simulation of this system was accomplished on both the
digital and analog computers. Fewer simplifying assumptions were made
in the analog simulation than were made in the digital simulation
because this type problem is more easily solved on the analog computer.
The primary reasor for this i~ that aircraft response can be accounted
for in a relatively simple mann r on the analog computer as compared to
the digital computer. Aircraft response was not included in the digital
simulation.

It is interesting to note that results from both simulations agree very
closely until braking of the winch occurs. This is as expected because
aircraft effect on the drop is negligible until the winch is braked to

a stop. In general, the trends of results from both computers are the
same after braking, but actual values of some parameters are somewhat
different. Results from the two computers were integrated in some cases.

Integration of the results from both computers was begun by making a
base run on both the analog and digital compater with identical inputs
to each. The results obtained; i.e. the horizontal and vertical impact
velocities and the drop altitude, were compared and found to follow the
same trends. At this point, the digital computer was used to inves-
tigate the effect of certain variables on system performance and the
rasults were non-dimensionalized with respect to the digital base run.
These non-dimensionalized digital results were then applied to the base
analog results to obtain accuracy not available with the analog computer
alone. This is justifiable since the trends of results from both com-
puters are the same.

A more detailed description of both computur analyses follows.

Digital Computer Investigation

The digital computer simulation of Troiley was used for the preliminary
investigation of the effects of certain parameters on system operation.
Since this analysis was intemled for, and developed to be, aa initial
approximation, it is appropriate to review the basic assumptions made
in order to simplify the mathematical modeling of the system,

] |

1. The airplane flight path is unaffected by events in the drop
sequence; i.e., effects of normal force pertubations on the
airplane are neglected. Effects of cable tension drag com-
ponents and of increaental propulsion thrust changez are
accounted for. '




2. VWinch inertia is neglected in a strict sense but is approxi-
mately accounted for by a tension component in the winch-to-
payload cable during the free-fall phase.

3. Drag chute and cable weight effects are approximated by a
concentrated weight at the chute attachment to the drop
cable.

4, Weight and mass of the Trolley slide assembly are combined
with the drop cargo weight.

5. Aerodynamic forces on cargo drop cables are neglected as
vanishingly small compared to chute-gererated drag loads
and cable tension forces. However, acrodynamic forces on
the cargo are important and were inciuded in the analysis.

6. Elastic deformations of the drop cable are neglected in the
cargo trajectory analysis.

The mathematical model was included in Appendix A of the Lockheed
proposal.*

Preliminary investigations of various paramecters affecting Trolley system
performance were conducted in a manner such that gross boundaries of the
acceptable values of these parameters could be established. Finer tuning
of the system was accomplished later in the study with feedback from the
flight test program and with results obtained from the analog simulation
of the total system, including aircraft response. Therefore, the purpose
of the initial analyses on the digital computer was to define better the
permissible ranges of the various parameters affecting Trolley airdrop
and to use these values as input starting points for the analog simula-
tion. “able 1 shows the ranges of the various parameters investigated.

A trade-off between various parameters is possible in some cases; obser-
vations of the results of the digital computer analyses led to the
following conclusions concerning the Trolley system and trade-offs. The
value given after cach parameter appears to be a "best" number as a
result of preliminary digital investigations which usea a C-130 flying
at 110 knets and air dropping a 10,000-pound package.

*Lockheed-Georgia Company. A Proposal for a Preliminary Investigation
of the Trolley Low-Altitude Airdrop Corcept, ETP 635. July 1965




Aircraft Velocity - Knots

Initial Cable Length - 100 feet

Cable Length at Braking - 100 feet

Cable Tension at Winch aofter
Initiation of Slip or Reel-in - g

Time at Initiation of Slip or
Reel-in - seconds

Braking Time - Seconds

Slide Efficiency

Cable Tension During Free Fall
at Winch - g

Thrust Increment

Extraction Acceleration - g

10
15-18
18 - 23
1.0-1.8
7.0-8.0
0.5-1.0
0.95-0,98
0.05-0.10
0-0.10
1.5-2.0

130

15-10
18 - 22
1.0-1.8

7.0-8.0
0.5-1.0
0.98

0.05-0.10

0-0.10
1.5

Yab 12 i~ Range of Parameters Investigated
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150
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18 - 23
1.0-1.8

7.0-8.0
0.5-1.0
0.95-~0.98

0.05-0.10

0-0.10
1.5




ro

Initial Cable Length - 1500 Feet

Short initial cable lengths result in higher horizontal
velocities because the drop cargo does not have as long

a path to expend horizontal velocity before it approaches
ti:e parachute. Longer initial cable lengths will result

in lower horizontal velocities but at the expense of greater
required drop altitude and more droop of the parachute
below the airplane.

Cable Length at Braking - 1900 Feeti

Short cable lengths at braking result in the drag force of

the paruchute being applicd to the drop cargo a shorter period
of time and hence higher hovrizenlul velocities occur, However,
longer cable lengths at braliys :lloviate the horizontal
velocity problew at the cuperse of Ligher vertical velocity and
higher drop altitudes.

Coble Te:.sipn at Winch after Initiciion of Reel-In - 1.8 g

Lo/ cablic tension (about 1g) results in rceling out the winch
instead of reeling-in and this prevents the drop cargo from
sliding tovard the parachute as rapidly. Hence, horizontal
velocity is not dissipated as well. Iligh cable tensions
(about 2g) impese larger loads and greater power requirements
on the winchi. (Lower temsions usvally require reel-out while
the higlicr ones require reel-in for constant cable tension.

A cable tension of about 1.8g gererally results in moderate
power requirements for the winch and produces the wost
acceptable impact velocities.)

Tirnie at Initiction of Reel-In ~ 8.0 Scconds

This is the time at which the winch reels cable in to maiatain
a constant line temsion. The system seems relatively insemsi-
tive to this time within the range investigated. Outside the
range shown ir Table 1, however, the desirable characteristics
obtained from reeling in are degraded.

Braking Time - 0.5 Scconds

This is tie time required to Lrii; tiic winch to a complete
stop aftcr initiation of brakins. lleasonable cstimates for
this tine cre on the order of 0.5 sccouds.




6. Slide Efficiency - 0
This quantity is a function of the item of hardware that is
ultimately used for the Trolley. It is estimated that it will
be approximately 0.95.

7. Cable Tension at Winch during Free Fall - 0,05g

A small nominal tension is in the cable between the drop cargo
and the winch during the time that the winch is free-whesling.
This value is estimated to be 0.05g.

8. Thrust Increment -~ (Zero

Provisions have been made in the mathematical simulation of
Trolley airdrop to allow the pilot to apply additional power
at any time during the drop sequence. It is felt, however,
that this is operationally undesirable and should be avoided
if possible.

9. Extraction Acceleration - Highest Practical

It has been determined that extraction accelerations markedly
affect results obtainable in Trolley airdrop. To date, the
following three methods of extraction have been investigated:

o One-step 1.95g seems unacceptable because of 500-foot
altitude restriction and power requirements for
winch reel-in.

o Iwo-step 1.5g - 2.0g* lowers altitude, winch power

requirements and horizontal impact velocity. Major
problem here is power requirements for the winch.

o One-step 2.0g offers slightly improved performance
over the above item.

It is emphasized that all of the above conclusions were based on a C-130
delivering a 10,000-pound payload. Further refinement and tuning of the
system was accomplished during thke latter stages of the mathematical
investigations on the analog computer 'hen various parameters such as

*By restraining the cargo with the winch, 1.5g net is applied to the drop
cargo until it clears the airplane. After the cargo clears the airplane,
the winch brake is released, thus increasing acceleration by 0.5g.
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initial purachutc position had been determined from flight test data.
Therefore, all the values listed above are not neceesarily the final
reconme;ded values. (See analog computer investigation section of this
report.

One particularly important factor was uncovered in these initial mathe-
matical investigations that had not been particularly emphasized in
previous studies of the problem: the initial parachute position in the
trailing condition before extraction of the drop cargo plays an important
role in the drop altitude required and the impact velocities of the drop
cargo.

Figure’showa vertical velocity, horizontal velocity, and winch reel-in
rate as'a function of time for two different initial positions of the
parachute below the airplane at initiation of the drop sequence. The
solid curves result when the parachute is initially 30 feet below the
airplane and the dotted curves result when the parachute is initially

90 feet below the airplane. Note that when the parachute is initially
lower than some given reference position, the following conclusions can
be drawn concerning the drop cargo:

1. Horizontal velocity is decreased.
2. Vertical velocity is increased.
3. Winch reel-in requirements are decreased.

It is obvious from these results that parachute position is very impor-
tant to the Trolley airdrop.

Figure 3 shows the effect of changing the extraction acceleration.
Vertical velocity, horizontal velocity, and winch reel-in rate are
shown as functions of time for the three modes of extraction. The
results of sequentially selecting extraction accelerations of one-step,
1.5g; two-step, 1.5;/2.03; or one-step, 2.0g are as follows:

1. Vertical velocity gets progressively lower respectively and
the slope cf the curves near touch-down time is {latter,
resulting in longer aczeptable times for toucn-duwn,

2. Horizontal velocity follows the same pattern as vertical
velocity except that there is not as great s difference
between the extraction modes - especially between the
twvo-step, 1.53/2.0; extraction and the one-step, 2.0g
extraction.
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Winch reel-1n rate dces not follow exactly the same pattern
as borizontal and ver:ical velocity when the extraction mode
is changed. The ore-step, 1.3g extraction places very severe
power requirements onm the winch while the two-step, 1.5g/2.0g
and the one-step 2.J0g extraction are less demanding. Note
that winch reel-:n for the one-step, 2.0g extraction hegins
sooner than does the reel-in for the two-step, 1.5;/2.0;
2xtraction. The reason for this is that in the one-step,

2.0z exiraction the drop cargo ieaves the eirplane sooner

and otber events in the drop sequence naturally occur at a
shorter time aftver initiation cf the drop sequence. It should
alsc be noted that the maximum power requirement for the wiunch
1s slightly greater for the two-step, 1.55/2.0g extraztion
than 1t 1s for the one-step, 2.0g extiraction.

AN

A good visual 1nd:caticr of the altitude sensitivity of the system is the
flatness of vne velecity curves i1n Figures 2- and 3. The flatter the
curve when close to touchdown time, the less sensitive the system is to
altitude.

Since the data shown verify that the extraction acceleration does have a
significant effect on Troliev capability, Lockheed requested that the
Statement of Work of the subject contract be amended to allow investiga-
tion of higher extracticn accelerations. At the suggestion of the Army
Study Manager this request was submitted to the U. S. Army Natick
Laboratories for appropriate contractual action and approved; extraction
accelerations &f up to 3.0g were 1investigated later in the study.

A votal of 9: digital cemputer runs were made by varying the parameters
ir Table 1 within the ranges shown in that figure. Digital computations
were terminated at this point uniil results from the flight test portion
of tn> study could be utilized to properly position the parachute.
Another facter contributing to the temporary suspension of the digital
investization was the imminent results from the analog simulation which
were expected to givc wcore realistic results. In short, it was felt that
the digital program tad pointecd the way or narrowed the range for the
analng 1nvestigatious., The digital program was used later in the study
for the Sensitivity and Random Error and Accuracy analyses.

Analug Computer Investigat-on

The analog simulation of Trolley was constructed to simulate the total
system operation incliuding aircraft response. It was expedient to
include flight dynamics aud control of the airplane in this portion of
the investigation rather than in Systems Analysis ar presented in the
Lovkheed-Georgia Trolley proposal.
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Derivation of Equations - The approach taken in the analysis of this
problem was to derive the equations of motion fur the airplane, cargo,
and parachute when each was considered as a separate body connected
ocly by the tension in the trailing cable. Figure &4 shows the axes
systems used in this analysis. Positive directions of the axis system
from the center of gravity are as follows: Forward - plus X, downward -
plus Z, and nose-up pitching moment - plus M.

Using the symbols shown in the Glossary summing forces along the X axis,
ZFX = mU
Expanding into aerodynamic terms yields
2Fx-Tcostx - sin 7 - D, F(x) +FX

where
FX = Fp sin X + (IRx - TDx) cos X
Bewriting the equation and making the appropriate substitutions yields,

miJ-TcosOﬁ-'asin7 - D,

(1)

f(ot)+f'p sin X + (T, - T, ) coscX

% X

Summning forces along the Z axic yields,

= FZ = ~-mU 7
The expansion of this equation into aerodynamic terms yields,

}:‘,Fz=—Tsino< +Waccs7 - L, f(°<, 82)*Fi

where

F2=chosa +(TD + T, ) sinex

2

——




Figure 4- Axes System Used for Mathematical
Modeiing of the Trolley System
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Rewriting the equation and making the appropriate substitutions yields,

-nal;'f' = - T sin x +Wacos7' - L, f(o(, Se)

(2)

+ F_ cos o +(’l‘D + T, ) sinox

P 2 By

Sumning moments about the center of gravity in the X-Z symmetrical plane
through which passes the Y exis perpendicular to this plane yields,

EHc_g. =10

Expanding into aerodynamic terms yields,

Euc.g. =M, f(ot)+l(60+llé‘o< +H8e8e¢lc. :

where

M =F_ x +T. z_ +7T, x, +T, x,+ T, z
—-—c,g.Pc Dxl Dzl RL2 Bx2

Rewriting the equation and making the appropriate substitutions yeilds,

I16=M ',f(O()+MéO+Mé(O<+)(8& +F

.c e P ¢
e

(3)
z, + T x +T, z_ + T, x
!)x 1 DZ 1 l& 2 Rz 2

where

2
I =1 1 +mx
a [ c C

These three equations are presented in a manner pecessary to achieve the
flexibility needed to study systems that have not been solidified by
design hardware. Additional terms may be easily added depending upon the
nature of the system under consideration.

It is appropriate at this point to write the equation that simulates the
cargo floor load due to both cargo weight and aft movement of this




weight. This equation is given as the summation of loads that cause

changes in the cargo floor forces and is written in accordance with
Figure 5, thus:

. .

FP-chosO+mcU7coso<—mCOxc—mchO

This equation accounts for the Coriolis effect caused primarily by the
aft movement of the cargo and has been found to be significant in
previous Lockheed studies.

The cargo equations of motion were derived in the same manner as those
of the airplane; i.e., summing forces and moments about a point. In
this situation the forces and moments were summed about the pulley.

Figure ~ shows the coordinate system of the cargo. Summing forces in
the X direction yields,

EFX =Ty cosw - Tﬂ cos £ - FD - Fc sin f§ = mc'x'c
where

FD=ch 1/2 (Uﬁs,,

F, =1/2C S (’-t-g\2.kx2
D D, (5w U ¢

Fc = Wc cos @, and
Tg = N Tw
Rewriting the equation and making the appropriate substitutions yeilds:
- 2
mx = Tw (conw - Y] cosﬂ) - k x, - Fc sin §
Summing forces in the Z direction yields,

-mc‘z’c =-Ty(sinw + % sing) +F, coa |
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The schematic drawing of Figure 6 shows that the cargo possesses the
effects of a pendulum. The equation of motion that describes this effect
is derived by summing moments about the slide. Therefore

N (Lemn@)-Fy(Lcosg)=1 8

Rewriting the equation and making the appropriate substitutions with the
symbolism of the SZEX equation yields:

Ic B = (Wc sin @ - k ic cos @)

Parachute equations are obtained by summing forces in the X and Z
directions.

o

EFX = - T/g cos £ =m, X
IBFi = WP - T/g sin/! =-m Zc

The equations of motion as presented above describe the response of each
of the three coordinate systems employed. Auxiliary equetions are
needed to describe thc phenomena associated with airdrop that are not
present in standard flight of the airplane. These equations are listed
and discussed below.

o Tip-0ff Phenomenon - The tip-off phenomenon is described
as the mathematical representation of a decrease in cargo
floor load as the last half of the airdrop package passes
the raap door lip. The cargo package is considered to be
a point mass acting at 1rs own center of gravity. The
rearward travel of tbis¢ wass causes nese-up pitching
moments about the airplane center of gravity. Theoreti-
cally, when this point mess reaches the lip, the pitching
moment becomes zero. This theory, however, 1s not the
true representation of the physi:al system  Conside:r the
system shown in Figure 7.

The cargo at rest is shown by the dashbed block. Pitching
moment build-up caused by the aft movement of the cargo
reaches a peak as the cargo center of gravity passes the
lip. The floor load 18 assumed to be relieved linearly
by the rate of cargo density. For example, 1f the pack-
age weighs 10 000 pounds and has a d2nsity of 833 pounds
per foot of length, then the relieving load will become

19
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Figure / - Tip-Off Phenomenon

zero at six feet aufter the cargo center of gravity
passes the lip. The accelerating carge is shown in
the tipped positien along with a representation cf
the corresponding input pitching moment. M _ is

. c
calculated by

3 2
‘L' = = ¢

Cargo Extraction Acceleration - The distance that

the cargo travels in the airplane in a given amount
of time depends directly upon its acceleration. The
cargo location in the airplane is computed simply by

x, = 1/2% t°
where
X, = distance cargo center of gravity travels
in airplane, feet,
Kc = cargo acceleration, feet per second squared, and

t = time, seconds

Brye
I3




In this analysis the cargo acceleration, !c, is given

a value of 32.2 feet psr second squared unless otherwise
stated, This parameter is non-dimensionalized by the
cargo weight, 1.e., for a 2g extraction, the extraction
force applied is twice the cargo weight.

]
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o Extraction Cable Tension - The extraction cahle tension
is generated as a function of line length and size of
parachute being towed The equation that computes the
tension in the cable before the cargo 18 released is

IR

gt

;ﬁ given by,
L
2
ng = K[:L -1
0
where

T/f = line teusion between the cargo and parachute,
pounds,

=
L}

force produced by the parachute, pounds,

L’J = initial unstretched line length, feet.
L2 = gtretched line length between the cargo, and
parachute

The cable tension between the cargo and winch during the
free-fall phase 1s computed as follows:

*t-L
T Y S 1
, & 1 5T
i
where
$
L1 = stretehed fune 'eugth between the cargo and
winceh,
r e distoo o from winch drun center to outside
of puv-ou cable  feer
g = the nuaher fimcs the winch drum rotates radians,
TQ/ = caplv 'orosed betsrea cargo and wineh drum, pounds,
and




T1 = 1n1tial cable tension, pounds

The cable tension generated after the winch brakes are applied

is given as, .
ek (L1+Lg)-SLO+€2]
I (Lo +&r)

where

(L1 + L2) = total stretched line length, and
("L0 + & r) = total unstretched line length

The other symbols 1n this equation have been previously defined,

o ¥Winch Drum Equation - The equation of motion that represents
the rotational characteristics of the winch drum is given by

SET
N TFRICTION] r
where
I ) = winch drum and cable inertis,
+ = 8.0 , -
Tw @18 gs = the cable tension limited to 1.8
SET ¢ 8 t:nes the cargo weight at the end
of 8.0 seconds after cargo release,
and
TFRICTION = cable tension caused by winch

drum bearing friction.

The analog wiring diagrams for the equations derived above appear in
Appendix I.




Perametric Anslysis - A parametric analysis of the Trolley concept was
made on the analog computer using the simmlation derived above. Results
froia the preliminary digital investigation were used as guidelines for
the initial analog work, The primary purpose was to seek an optimum
combination of cargo horizontal impact velocity, veriical impact
velocity, =nd airdrop altitude. Ground rules were eatablished which
limited the initial drop altitude to a maximum of 500 feet &nd a maxi-
sum vertical velocity of 28.5 feet per second. No upper limit was
specified in the Work Statement on the horizontal velocity, but ia the
process of optimization, attempts were made to keep it as low as possible.
Tke approach was to select a set of basic parameters and to vary them
over a practical range one at a time. Initial selection of these data
was based on digital computer results obtained early in the study. The
simmlation utilized a C-130 aircraft flying at 130 knots at sea level

on a standard day. The drop cargo weight was 10,000 pounds.

This parametric analysis consisted of 77 analog computer runs, each
consisting of 24 variables recorded as time histories and fouvr recorded
on the X-Y plotter. From these data the cargo horizontal and vertical
velocities and drop altitude were read and plotted versus the parameter
being investigated. These static plots led to the aelection of values
for each parameter that permitted optimization of the system.

The following pai-meters were investigated to determine their effects
on cargo horizontal velocity, cargo vertical velocity, and drop
aliitude:

Time to brake winch

Cable depression angle

Cargo aerodynamic drag

Slide efficiency

Initial cable length

Time at initiation of winch reel-in
Payout before brakiag

Cable tension

Q=3 N BN =

o Time to Brake Winch - One phase of the Trolley system is that of
braking the winch to a complete atop after the carge free-fall,
The time span required to stop the winch drum has an effect on
the touchdown parametera. This braking time span was varied
from 0.} through 2.0 seconds and the results are shown in
Figure §#. An increase in braking time decreesec the cargo
horizontal velocity and increases drop altitude. It is inter-
esting to note that the horizontal velociiy and drop altitude
were read from the time histories at the instant the vertical
velocity became zero: hence drop times are not identical but
the total time for tke drop =egnence varies only slightly.
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o Cable Depression Angle - The parachute trails below lke air-
plane as it is towed because of the weight of the cable and the

parachute. The angle created by a straight line from the
parachute to the airplane and the horizontal reference lipe is
defined as the cable depression angle. In the process of
ietermirning this angle, a simple mathematical method already
prograsmed on the digital computer was used as a beginning point.
From this point the angle was altered throughout a practical
range of values. A large angle increases the drop altitude
significantly because the parackute does not arrest vertical
velocity as well in this position. For this reason the most
significant limit on the maximum value was how far below the
airplane the parachute trailed. Por example, if the initial
cable length ig 1300 feet and it is trailing at an angle of &
degrees, the purachute is depressed a distance equal to 1300
feet times the siue of & degrees (91 feet) below the airplane.
Under the same conditions the parachute is 182 feet below at
an 8-degree angle. For a 1500-foot cable and a 4-degree
depression angle, the parachute trails 105 feet below the
airplane and approximately twice that distance when trailing
at 8 degrees. Figure 9 shows the variatior of cargo hori-
zontal velocity, cargo vertical velocity, and altitude as a
function of cable depression angle. The cargo horizontal
velocity decreases at a rate of about 1.6 feet per second for
each degree of increase of cable depression angle while cargo
vertical velocity ard altitude remain essentially unchanged.

the mathematical analysis of the shape of the towed cable pro-
duced an angle of approximately 4 degrees under the prescribed
fligkt conditions. When this result was combined with the
flight test data obtained later in the program, a value of
about 5 degrecs was determined to be more representative.
Flight test results are discussed later in this report.

o Carge Aerodynamic Drag - Cne of the tasks in this study was to
determine the effects of aerodynamic drag on the airdrop cargo.
This force helps retard the cargo horizontal velocity but also
increases the period of the cargo "swing" which might place it
in such a position that damage may occur at touchdown or it may
contribute to tumbling of the cargo. It was assumed that the
aerodynamic force was proportional to the square of the velocity.
Figure 18 shows the results with cargo horizontal velocity,
cargo vertical velocity, and drop altitude plotted versus the
aerodynamic drag factor, K. It is seen that the horizsntal
velocity of the cargo decreases slightly with increasing sero-
dynamic drag while cargo vertical velocity and drop altitude
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remain relatively unchanged. Since none of these parameters are
very sensitive to aeroidynamic drag in this range of valuea, a
value of 700 for the aerodynamic drag factor was selected as
representative,

o Slide Efficiency - A study of friction between the slide and cable .
was conducted to determine 1ts effect on system performance
since increased friction derrcases slide efficiency as it passes
along the cable. Frgure 11 shows the variation of cargo hori-
zontal velocity, cargo vertical velocity, and drop altitude as
slide efficiency 1s increamsed (friction decreased); the higher
the slide efficicozy the lcwer the vertical velocity and drop
altitude while cargo horizontal velocity remains essentially
unchanged. It was determiued ‘hat a slide mechanism for Trolley
eirdrep could be mapufactured with an efficiency of about 0.95.
Thus; this value wes used 1n all further analyses.

o Initial Cable Lenmgth - Frgur- 1 shows a plot of the variation
of cargo horizontal velecity, vargo vertical velocity, and drop
altitude versus the length of the cable towing the parachute
just prier to extraction., Increasing the initial cable length
decreases beth cargo horizontal velocity and cargo vertical
veleocity significantly, but the drastic increase in drop alti-
tude becomes prohibivive, The cargo horizontal velocity
decreases at a rate of about 3.4 feet per second per 100 feet
of 1pcrease in in:tial cable leungth while the vertical velocity
decreuses at a rate of about 2.3 feet per second, and the drop
altitude increases abtout 45 feet. A compromise must be made
here in order to obtain a satisfactory drop altitude. It was
necessary that drop altitude be held below 500 feet since it is
a requiremeut of the contract Work Statement. Hence, values
were chosen so that the altitude would be satisfactory.

o Time at Initiation of Reel-Iu - Figure 13 shows the effects of
the time at initiatior of reel-in on cargo horizontal velocity,
carge vertical velocity, and drop altitude. After extraction
of the cargo and the frez-fall phase. the winch is braked; the
time (measured from begiuning cf extraction) at which this
brak:ng action occurs, affects the cargo velocities end alti-

E tude. For the parameters snown on the figure, it is seen that

a time of about 8 sc2onds results 1a the best compromise.

However . the Tr2lley system does not appear to be very sensi-

tive to the time that reel-in i3 1mitiated.
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Cargo Velocity = Feet per Second

h = Drop oltitude

Xc = Cargo horizontal impact velocity
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N
o

o
I

c

.

|

-

1

-

i

-‘-—.—
-
8 \_-’/
~

-_—a----"
-

700

—{600

L

i

_.1500

400

8

Time at Initiation of Reel-in - Second

12

16

20

Figure 13- Parametric Analysis - Time ot Initiation of Reel=in

Drop Altitude - Feet




o]

1]

Payout Before Braking - This parameter is defined as the length
of line that leaves the winch drum from the beginning of extrac-
tion to the braking of the winch. From Figure 14 it is seen
that the dependent quantities of concern are markedly affected
by this parameter. Short payout lengths result in lower drop
altitudes, but increased horizontal and vertical impact veloc-
ities result. A tradeoff is in order here because the magnitudes
of the velocities associated with a short payout length are still
within the ground rules established for this study, and even
lower drop altitudes result. Therefore, 350 feet of payout was
selected so that drop altitude could be held under 500 feet for
the initial cable length of 1300 feet.

Cable Tension During Reecl-In - After the free-fall phase and
braking of the winch, the trolley and cargo begin a rearward
movement relative to the cable toward the parachute. During
this movement, the winch automatically adjusts itself to main-
tain a constant cable tension: +to do this; the winch is
required tn reel-in. FYigure !5 shows the effects of varying
the value of this constant cable tension on the impact veloc-
ities and drop alritude.

Analog Results

As a result of the parametric study on the analog computer, the following
values were selected as optimum within the constraints of the Work

Statement:
o Time to brake winch = 0.5 seconds*
o Cargo aerodynamic drag factor = 700
o Cable depression anglc = 5 degrees
o Time at initiation of winch reel-in = 8 seconds
o Initial cable length = 1300 feet
o Slide efficiency = 95 percent
o Payout before braking = 350 feet
o Cable tension during reel-in = 1.8 g's

All of

these values were selected so that the 500-foot maximum airdrop

altitude wvould not be exceeded. Vertical and horizontal impact veloc-
ities asswuucd secondary importance to airdrop altitude, but they were

*Due to dynume leads imposzed on the cable, this value was increased to
1.5 seco.ix. The sensitivity analvsis shows effccts of changing this
variable and the results indicate that no problems will arise from
this change.
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winimized subject to this drop altitude constraint. The selection of
the above values was also compromised so that Trolley could operate over
the airdrop speed range of 110-150 knots as specified in the Work
Statement.

By taking the optimum values of the drop parameters listed above and
applying them to specific operational conditions, the actual capa-
bilities of Trolley were determined. The operating conditions consid-
ercd were as follows;

Airspeed = 110, 130, 150 knots

Cargo weights = 2000, 60C0, 10,000 pounds

Cargo extraction accelerations = 1.3, 2.0, 3.0 g's
Winch reel-in rates » 10, 20, 30 feet per second

o ¢ O ©

forty-five analog computer runs were made using various combinations
of these conditions and using the eight inputs listed earlier. The
fcllowing table shows the combinations used for the parametric study
and the figures which present the final analog results of Trolley -

capability.
Aircraft
Speed Extrac- Reel-~In
Range - Cargo Weight - tion Accel- Rate -
Knots Pounds eration - g fps
o Figure 16 110 - 150 2000, 6000, 10,000 1.5 30
¢ Figure 17 110 - 150 2000, 6000, 10,00C 2.0 30
Figure 18 110 - 150 2000, 6000, 10,000 3.0 30
Figure 19 110 - 150 2000, 6000, 10,000 2.0 10
Figui~ 20 110 - 150 2000, 6000, 10,000 2.0 20
Figares1: -18 show that increasing extraction acceleration reduces th-

velues of horicontal and vertical impact velocities and drop altitude.

sre: 6 220 show that Trolley is excellent in arresting vertical
‘Lpaet velocity but that horizontal velocity can be troublesome. Hori-
contal impact velority incicuses rapidly as drop speed increases. Thus.
t-op opeed should be minimized. On the other hand, drop altitude is
caliont ansensitive to changes in aircraft speed.
Uigures 1€ =29 algo show the effect of changes iu drop weight. Drop
altirtude Cnd vertical impact velocity decreas. as drop weight increasr:
nowever, hoevigontal impuct velocity increases,
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Figures 17,19 and 20 should be compared to see the effect of changing
winch reel-in rate. These curves shov that drop altitude is affected
very little but does decrease as : ‘el-in rate increases. Horizontal
impact velocity is insensi“ive to ree.-in rate changes. The vertical
impact velocity decreases and becomes mcre sensitive to changes in
aircra®t velocity as reel-in rate increases.

These analog results assume that all parameters are accurately set for
' each drop. The Random Error and Accuracy Analyses presented later in
: this report show what can be expected of Trolley under operational
conditione. For all rfuch considerations, it was assumed that cu.go
extractiva would be limited to a 2.0 g-acceleration in order to
rinimize rigging problem: .

In this investigation it was determined that Trolley impact velocities
were excessive at 150 knots and that drops at 130 knots were approaching
maximum acceptable impact velocities. The Trolley airdrop system
appears more attractive in terms of impact vel cities and drop altitudes
if it is optimized and designed for one particular drop speed such as
120 knots.

Sensitivity Analysis

Analyses were condu-ted to determine the effect of individual changes
in certain variables on Trolley system performance. This was done by
selecting those variables which had a significant effect on impact
velocities and drop altitudes and altering these one at a time. This
allowed an assessment of the importance of each vuriable on Trolley
airdrop. 1In reality, r-,bably no one variable would deviste from its
, programmed value indepcndently of others, but this mathematical tool

; is useful in identifying the importance of obtaining certain accuracies
: for these significant variables. The random combi..-*ion of deviations
: from programmed values for all variables s also very important and is
: dealt with in the Random Srror and Accuracy Analyses section.

The primary criteria used for judging Troiley airdrop acreptability are
horizontal and vertical velocities and airdvop altitude. 1In the
sensitivity analysis, those variables that exert significant influence
on the three parameters arc summarized below with their permissible
errors. It is pussible to remain within these error limits during
Trolley operation.

Aircraft velocity - - 3.9ﬁ+(: 5 knots @ 130 knots flight speed)
Unit drop cargo weight - = 5.0%

Parachute drag - - 5.0%

Parachute position ~ = 17.0%

(=T~ B - I -}

£

-



o Initial cable length - = 1#55
o Cable length at braking - ~ 2.4%
o Time for braking - - 40.0%

In addition to determining the effect cf the above variables on impact
velocities and drop altitudes, the effect of an error in dreop altitude,

caniL ¥ N s
within - 4,0 percent, on the horizontal aad vertical impact velocities,
was determined. Results of this analysis are presented in Figures 21
through 27, Plotted on the abscissa of each figure 1s one of the
variables mentioned above; and plotted on the ordinate of each figure
are horizontal impact vel ocity, vertical impact velocity, and drop
altitude. Figure 2! shows that vertical impact velocity changes very
little with aircratt velocity error. DBoth horizontal impact velocity
and drop altitude, however, change measurably with aircraft velocity
variations. It 1s noted from the figure that all three variables
plotted on the ordinate assume lowzx values at the lower aircraft
velocities; heuce, 1t can te coacluded from thke mathematics of the
system, as well as from :uturtive logic, that lower impact velocities
and lower drop altitudes result utv the lower aircraft velocities.

Figure 22 shows that the Trolley zoncepx is essentially insensitive to
unit drup weight changes w1th1n the range of weights shown on the
abscissa. The variation of ~ .300 pounds in the unit drop weight
(10,000 pounds) amounts to & - 5 pricent error allowable in determining
that weight.

The error in parachute dceg affccus *he impact velocities and drop
altitude as shown 1n Figurc 73 S nce parachute drag is the force which
extracts the drop cargo, the inivial ercor i1n parachute drag is directly
proportional to an error 1n extraction azcelevation, In this sensit1v1ty
analysis, the error of T 1000 pcunds in parachute drag amounts to : 5.0
percent of the total drag of 20,000 pouwnds, Thxs also amounts te ~ 5.0
percent error in extraction acrnlexatxon or ° 0.1 g-error in the nominal
2.0 g-extraction. The drop altitude 15 measurably affected by this
source of error, but 1wmpact veloc.ties are relatively insensitive.

Horizontal impact velocity and drep ejtitude are sensitive to parachute
vertical position while wvirctical veiority appears to be insensitive to
the parachute position as shown :n Figure 24  Actually, the increuse in
drop altitude with lower 1ni*1al parachute positioun allows for a longer
time for vertical velerity to be arrested. 1If drop altitude were held
constant, then vertical velority would show essentially the same sensi-~
tivity to parachute position but hcrizental veiocxty would be higher.
The range of parachute positions 1w:estigated (-~ 20 feet) amounts to

about - 17 percent of the parachute s nominal discvance below the air-
plane.
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The initial cable length payout of 1300 feet is cne variable that should
be subject to very litt}e error since its measurement is simple and
accurate. An error of - 25 feet, or 1.5 percent of cable payout, has
only slight effect on drop altitude and essentially no effect on impact
velocities as shoewn in Figure g

The amount of cable payed out during free fall added to the initial line
length amounts to the cable length at bruking. As seen in Figure 2P,
horizental impact velocity is higher for the shorter payout lengths,

and drop altitude is affected in the opposite manner. Vertical veloc-
ity shows a continuing inczease with additional cable payout. The range
of error investigated was - 40 feet or 2.4 percent of cable length at
braking. Again this is a variable that should be subject to little
error.

zhe braking time error of ¥ 0.6 seconds shewn in Figure 335umounts to
- 40 perceat of the nominal 1.5 second braking time., This large
pussible error was investigated because of the degree of uncertainty
concerning repeatability of stopping time for the brake. Fortunately,
the Trolley system performance is affected only slightly by this
relatively large orror.

In Figure 28, the borizontal and vertical impact velocity variations
witg drop altitude are shown. The al*itude error shown is -~ 20 fecet
or - 4 percent of the nominal 500-foot aiop altitude. This figure is
well within current state-of-the-art radar altimeter accuracies.*

Random Error and Accuracy Analyses

Lockhecd feels that the ability of the Trolley concept to provide low
impact velocities, to ersure very accurate delivery, and to cperate at
altitudes below 500 feet are the primary measures of success in tuning
the system to meet Army requiremcnts. Certainly, other aspects are
important, but the analytical work performcd has been geared to obtain
desirable values of these threce sarameters. Therefore, in performing
the random error and accuracy analyses, a classification of variables
which exert important infiuence on these parameters was conducted s=o
that their cffect on tutal system operation could L. -ctermined. These
variables, investigated individually in the sensitivivy wualysis, were
combined in random fasbion to determiue their total effect on system
performance. The invesiigsae s of riadiz combinationa of these
variakles is more realistic whan an investigution of cach variabie
individually. Those variables determined to have important influence
on syatem operation follow:

*Jce Operationasl dnalysis and Cost Szctions

M e
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Aircraft velocity

Unit drop weight
Initial cable leugth
Cable length at braking
Parachute position
Braking time

Parachute drag

[T - 2 - T - T - I~ A - |

Since these variables are not all independent, it is a very difficult
pr-cess to analytically determiue their total effect when combined;
therefore, the effects of these variables on total system performance
were determined by fitting probability distribution curves to each of
these variables and randomly sampiing a value for each variable to input
to the digital computer program. This method allows computer output
data to b2 treated essentially as "test" data, and it utilizes the
random sampling technique developed by tke Rand Corporation.* For the
purposes of this analysis, 30 computer runs were made by using inputs
randomly sampled, and t.ie output data were trcated as test data. It
should be noted that one fundamental principle of statistics is that
precision improves in proportion to the square root of the number of
measurements in the sample. With more samples, greater accuracy could
be obtained but with less return in accuracy compared to tbe effort
required for additional data. It is telt that the accuracy obtained
is compatible with other results in this study and tha’ further random
sampling and computing would gain little or nothing.

The significant i 2sults obtained in this ana! ses are summarized below.
Accuracy
¢ Within 78 feet of target impact point
Random error
o Vertical impact velocity - 1.5 to 3.2 fps
o Horizontal impact velocity - 14.5 to 20.0 fps
o Drop altitude - 420 to 465 feet
130 knots;

Accuracy

o Within 90 feet of target impact poirt

*The RAND Corporation. A Million Random Digits. The Free Press,
Glencoe. 1955
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Random error

o Vertical velocity - 5.0 to 9.5 fps
o Horizontal im ict velocity - 41.0 to 49.0 fpa
o Drop altitude - 450 to 485 feet

B :ﬁ.
Figure 23, shows the range of values expected for vertical impact
veloclty, horizontal impact velocity, and drop altitude for all dropa
subject to the following conditions:

o Aircraft velocity - 110 knots
o Unit drop weight ~ 10,000 pounds
o Extraction acceleration - 2.0 g's

By following the dotted line on !1gure2§wone can conclude that in 80
percent of the airdrops vertical impact velocity will exceed 2.3 feet
per second; horizontal impact velocity will exceed 16.8 feet per second,
and airdrop altitude will exceed 434 feet. Conversely, in 20 percent of
these airdrops, vertical impact velocity will be below 2.3 feet per
second, horizontal velocity will be below 16.8 feet per second, and
.irdrop altitnde will be below 43" feet.

The next curve, Figure 49, is identical to the preceding one except that
~ircraft velocity is 130 knots., By making the same obaervations from
this curve, it can be seen that in 80 percent of these airdrops vertical
impact velocity will exceed 7.4 feet per second, horizontal impact
velocity will exceed 43.2 feet per second, and airdrop altitude will
exceed 458 feet. Conversely, in 20 percent of the drops vertical impact
velocity will be belew 7.4 feet per second, horizontal impact velocity
will be below 43.2 fe>t per second, and drop sltitude will be below 458
feet.

speed, and Figure shows the same for an aircraft speed of 130 knots.
Iv is interesting to note that the drop cargo tends to overshoot the
predicted impact point more than it tends to undershoot and that the
greatest miss distance is also on the overshoot side.

Figure éjﬁshows preiicted impact point dispersal for 110-knot aircraft

Lateral miss distance is caused only by the fact that the paracaute tow
cable is at an angle with the aircraft track across the drop zone when
crosswind is present. Since early or late impact of the cargo can be
thought of as an error in cargo position on the cable at the time of
touchdown, this cargo position error can be resolved into errors

5.3
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parallel and perpendicular to ihe aircraft track across the drop zone.
When the cable angle is considered for a 15-knot, 90-degree crosswind
at both 110 and 130-knot aircraft speeds, the lateral miss distence is
approximately 29 feet. Thus, tiis resulting drop zone is eliptical in -
shape with the semi-minor axi: of tke ellipse being only about 9 feet.

This analysis assumes accurate prediction of winds at drop altitude

only; the wind profile from drop altitude to the ground is of minor

importance.
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OPERATIONAL ANALYSIS

The definition of major hardware components for the Trelley cemcept has
been completed. With the Trolley concept the C-130B is capable of deliver-
ing a 2000 to 1),000-pound unit drop weight with no medificatiea of air-
craft stracture. Minor changes to electrical or hydraulic adaptors may
be required during hardware development to satisfy system (winch and
control) power requirements. Retrofit of present C-130 radar altimeters
with an improved radar altimeter, shich is currently available, will
ensure system accuracy and reliability. Reduction im gross rigging
requirements, such as airdrep cargo preparatiom, hardware t. attach
cargo to platforx, rigged airdrop cargo weight, and personme! train-
ing, have been identified without any significant deviations having

tc be made from current rigging precedures. Deta have been developed

to deiine drop zone requirementa for airdrop from single and formation
aireraft. Check list changes in operating procedures for airdrop
during siagle and multiple passes have alao been identified.

Compatibility of the Trolley concept vith C-141A and CV-7A aircrsft
has been investigated to determine unit cargo drop weighi capabilities
ard major hardware components. Unit cargo drop weight capability for
the CV-2 could not be determined due to non-availability of detailed
aireraft p.-: ‘ormance data (power available versus power required).

An astisate <! CV-2 compatibility was made by comparing it with

CV~7A data.

C-230 Unit Cargo Urop Weight Capability

The 2000 to 10,000-pound airdrop capability of the C-130 aircraft at
sea level and atandard atmosphere ig reduced at higher altitude and
temperature. Figures 33, 34 and present the excess thrust avail-
able for different altitude and temperature cumbinations for a C-130
flying at 90,000, 100,000, and 110,000-pound gross weights and at

110 to 150 knots (BAS). An approximate 50 percent reduction in exceus
thrust is experienced when the aircraft is flying at a 5000-foot
altitude and at 2 temperature of 100°F. Since unit cargo drop weight
capability is one-half of the excess thrust available, & maximum of
5000 pounds can be air-dropped with the Trolley concept from a C-13C
flying at the 5000-foot and 100°F condition.

System Equipment and Operation

Major components which make up the pi~posed Trolley system include
equipment presently instailed in ‘he C-130, readily available off-
the-shelf hardware, and hardware waicu regquires further development.
Design and operational criteria bave been determined for hardware
development and application. Components are identified as follows:
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o Winch and Control, Platform Mounted Development

o Cable Development
o Trolley Slide Development
o Cable and Trolley Guide Rail Development
o Drag Parachute Available
o Cargo Rigging Available
o Cable Guillotine Available
o Drogue Development
o Radar Altimeter Retrofit

The following equipment utilized during Trolley airdrop operation is
presently used in the C-130 aircraft and is not peculiar to the Trolley
system:

° Dn'al-!hil Cargo Handling System with No change
Modular Platforms
o Pendulum System No change
¢ Sighting Device No change
Xigech and Coptrol - The winch and its control constitute the major

cemponents of the Trolley system, The primary functions are to store,
reel-out, reel-in, maintain desirod cable tension, aad brake the

cable to a stop during equipment airdrop. In addition, normal carge
loading/unloading ground operations can be accomplished with the Trolley
winch. The design concept for a hydraulic or electric~powered winch
shown in Figure 3§ includes a drum, level-wind device, flywheel!, brake,
gear box, and control panel. Two thousand feet of 3/A-inch diameter
swaged cable are stored in three layers on a drum 3 feet in diameter
and 36 inches wide. A maximum drum speed of 1400 revolutions per
minute is attained during cable reel-out when the cable attaips speeds
up to 225 feat per second. Peak power requirements occur during reel-
in of the cable and drag parachute at cable velocities reaching 40
feet per second at 1.8-g cable tension (maxiwum 18,000 pounds). Peak
energy requirements for the A-second reel-in period are augmented by
kinetic energy stored in a 3-foot diameter flywheel weighing 1000 to
1500 pounds and operating at 3C00 to 3500 revolutioms per minute ard
geared to the drum. The flywheel is also utilized during rapid reel-
in to reposition the parachute for subsequent airdrop or to recover
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the cable and collerved parachute after the final drop. An aircraft
brake adapted to the winch drum provides friction force to evercome
up to 31,000 pounds of cable tension during the 1.5-second braking
cycle,

The loadmaster's control panel mounted on the winch housing includes

a simple mechanical timer which governs the operational sequence of

the drum by dicecting power, flywheel engagement, and brake application
as required. A 1,8-g cable tenvion is maintained by the control during
the A-second reel-in of the cable about 8 seconds after initiation of
drop. The tension control is calibrated for unit cargo drop weights
from 2000 to 10,000 pounds and is set at the loadmaster's centrol

panel prior to each airdrop.

Winch component parts such as ths drum, flywhoel, and brake are
shielded or enclosed in a-housing. The 3500-pound winch assembly is
mounted on a 48 by 108-inch pallet at the most forward position of

the dual rail syatem. Exiraction is initiated by the copilot reless~
ing the winch brake with a switch located on the flight deck. A
second switch, located on the loadmaster's control panel, provides

a backup capability and permits the copilot's switch te be inactivated
during the loadmaester’'s airborme check of Trolley when brake release
would be hazardous.

Although the winch operating requirements &are specific and demanding,
the design specifications are well within the current state of the
art, Qualified vendors have reviewed the design criteria and have
indicated that normal hardware development of a prototype winch with
contrel can be completed in 6 to 9 months. Production units in
operatiopal quantities would follow in another 6 months.

Cable - The swaged cable, which is the link betweca the winch and the
drag parachute, transfers the parachute drag force to the Trolley slide
assembly which is attuched to the drop cargo. After braking, the
Trolley assembly and drop cargo slide down the cable to the ground.
Cable type and size are dictated by nominal, peak, and dyneuic operational
tensile loads and by surface smoothness. Two thousand feet of swaged
3/4~inch diameter, 19 x 7 cable weighing 1950 pounds with a miniwum
treaking strength of 48,000 pornde will satisfy design requirements
with a 1.5 safety factor. The swaged cable with a smooth outer

surface for improved sliding efficiency, can be developed and delivered
by a vendor within 120 days. A standard 18 x 7 non-rotating cable with
a less~desirable, rougher outer surface is presently available in
2000-foot lengths.

Trolley Slide Assembly - The Trolley slide assembly has three main
functions:




l

o To provide attaching points for extraction lines and slings

o To transfer cable force to extract the rigged platform from
the aircraft

o To lower the sling-attached drag cargo to the ground by its
sliding down the cable.

In addition, the assembly disengagi: itself from the cable after ground
impact of the platform and falls to the ground in a condition suitable
for reuse.

The design comcept fur the split slide assembly, presented in Pigure 37,
includes a teflon-lined cable slot, tapered hole, two lecking clip
grooves, and two eyebolts. The total weight is approximately 33 pounds.
Not shown is a mechanical locking device plunger and spring-loaded
hinge. This design concept enables the cable to be inserted into the
split cable~-slot of the slide and to be kept in place by closing the
slot and securing the spring-loaded hinge with the lock. The slide and
cable are inserted into the cable and Trolley guide rail through one

of the operings provided with the eyebolts on top and the tapered hole
facing toward the winch. The slide assembly is retained in place by
inserting the locking clip in the matching grooves and closing the
opening in the guide rail. The initial 1300 feet of cable deployed
with the drag parachute passes frcely through the cable slot. As seen
on Figure 37, a tapered stop (split for ease of installation) is
attached to the cable and fits into the matching tapered hole in the
slide assembly end nearest the winch., The wedginug action of the
tapered stop in the matching hole results in an increase in the cable
gripping force us tension produced by thc drajy parachute iz increased.
The slide assembly rotates around the cable 180 degrees (suspension
eyebolts below the cable) and slides down the cable after leaving the
cargo compartment.

The slide is released from the drop cargo by the cargo perachute
release aschaniam activated by platform ground impact and continucs
to slide down the cible toward a stop fastened 10 feet from the end
of the cable. On contact with the stop, a mechanical plunger releases
the lock, which allews the spring-loaded hinge to open. The slide
aassmbly free falls to the ground without striking the platform or
drop cargo and can be recovered. The mechanical plunger aliao serves
as a backup platform relense mechuniam in the svent the platferm does
nnt touch the ground prior te slide assembly contact with the stop.
During a hardware development program, the function performed by

the standard cargo parackute relewuse could be engineered as an
integral function of the slide nasembly.

Drogye - The function of the drugue in to smlide down the cable and
activate a mecninism to collapse the parachute after alrdrop. A
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collapsed parachute wmits recovery of the cable and parachute with
minimum winch power re uirementa. Modification of existing drogues
will be conducted during hardware development. Estimated weight of
a drogue is 25 pounds.

Cable and Trolley Guide -~ The functions of the cable and trolley guide
are to house the cable from the forward end of the ocargo floor to the
edge of the cargo ramp and to provide positive guidance to the slide
assembly during cargo extraction. The slide assembly, with tkLe ocable
routed through the cable slot, is contained within the guide rail
channel with sliding lock clips. The removable guide rail shown .2
FPigures 38 and 39 is mounted off-center with respect to cargo compart-
ment conterline (so the platform will fall to the same side of the
cabie each time), and is secured to the floor by usc of center tie
down fittings. Two sheaves are locatcd forward of the guide rail

to provide a bearing surface and remove the lateral! force component
produced by the cable level wind mechanism. The cable is routed
through a cartridge-operated cable guillotine (for emergency use omly)
mounted on the floor between the sheaves and the guide rail, Several
cutout openings with cover plates are spaced along the guide rail to
fuci’itate ingertion of the slide assemblies for varying platform
lengths and combinations. Estimated weight of the guide rail,
sheaves, and guillotine is 295 pounds.

Drag Parachute -~ Two standard reefed and unreefed 22 and 35-foot
diameter ring-slot cargo extraction parachutes produce the range
of drag forces required for 2.0 g-extraction while 2000 to 10,000~
pound unit cargo drop weights are being airdropped. Reefing lin-
lengths (circumference) for sea leval operation have been computed
for 22, 28, and 35-foot diameter ring-slot parachutes to provide
operational flexibility and are shown in ;i ,. ;:_ Although
parachutes of this type can bée reefed down to 10 percent of nominal
canopy diameter (Dp/D, = 0.1), reefing line lengths were determined
so that the parachutes would not drop below 20 percent cf nominal
canopy diameter (Dy/D, = 0.2). Air Force flight testing conducted
at E1 Centro NAF, California indicates that actual drag forces
realized by this type parachute are slightly less than the calcu-
lnted drag force or those obtained in wind tuunel testing at
Wright Patterson AFB, Ohio. IHowever, the drag produced by the
deployed cable can be utilized to make up the difference im drag;
minor revisions to the tabulated results could Le made as a result
of prototyps flight testing. The reefing diameter must alss be
increased above that specified for sea level when the same unit
drop weight is being dropped at other al titudes.

Pendulum - The pendulum system presently installed in the C-130
is utilized in deployment of the ring slot extraction parachute
and 2o modification ias required to the current configuration.
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Drop Cargo Aircraft Velocity (Knots - EAS)
Parachute (Pounds) 110 120 ) 140 150

22 Ft, Diameter
Ring=-Slot Reefing Line Length (Reefed Parachute
Circumference - In.)

2,000 282 242 216 193 175
4,000 489 432 384 342 300
6,000 - - - 465 423
28 Ft. Diameter
Ring=-Slot
2,000 253 222 - - -
4,000 446 382 340 322 -
6,700 609 536 470 432 370
8,000 - - 584 533 470
10,000 - - - - 554
35 Ft. Diameter
Ring=Slot
2,000 - - - - -
4,000 383 337 297 264 -
6,000 541 463 403 360 319
8,000 680 5846 515 456 409
10,000 795 696 616 561 488
Maximum Opening of Fully Inflated Canopy 5 .625
O
22 Foot 28 Foot 35 Foot
Diometer (ft) 13.75 17.5 21.9
Circumference (inches) 519 660 825

Note AB'hough parachutes may be resfed down to 10 percent of full canopy
(Gg « .10), the above entries dcbnot include parachutes reefed below
20 percent of original opening (b—R = ,20). Dash entries for various payload/
alispeed for specitic parachute ingicou either (1) fully inflated canopy could
not produce sufficlent drag to accomplish 2.0 g oxtrcction, or (2) parachute
1eeling requited woulq bo‘ less than 20 percent (6:-; =~ ,20) of fully inflated
ianapy  Cuble diay s not comidered in the above calculations for reefed

parare hutwe

it 11 Paachute Reeling Line Length Requirement for 2.0 g
Deop Lago Extiaction Accelsration



Radar Altimeter - The function of the radar altimeter is to provide
real-time absolute altitude information during airdrop. <Curreat
state-of-the-art radar altimeter specifications call for am
accuracy of + 2 feet or 3 2 percent of indicated altitude for sero
to 2500 feet with 600 foot-per-second tracking rate. Two rader
altimeters manufactured by Canadian Marconi Company (CMA-521) and
Litton Industries, Inc. (ID No. 51788~3) are presently undergoing
flight test and evaluation at the Lockheed~Yeorgia Company. These
absolute altitude data from radar altimeters ai» essential to the
Trolley airdro, .oncept because ‘lLcv wysiem requires accuracy in
this range to function properly. The accuracy o! the APN-22 and
APN-150 radar altimeters presently installed in C-130 aircraft

are inadequate. Therefore, a retrofit program te install a radar
altimeter similar to the two mentioned above is required.

Dual-Rail Cargo Handling System - The dual-rail cargo handling
system and modular platforms persentlv utilized in C-130 aircraft
perform the same function when used with the Trolley system. A
maximum unit drop weight of 10,000 pounds with a 2 g-extraction

can be airdropped with the Trolley system. No changes are required
to T.0. 1-C-130A-9 regarding maximum drop cargo lengta, width,
height, or center of gravity limitotions. Some minor changes to
Table 4A-2 and 4B-2, "Right Hand Detent Latch Settings" are required
and loading procedures with the Trolley system winch will be
established in a hardware development program.

Sighting Device - Although not required by the Trolley concept,

the function of the sighting device is to improve accuracy by
indicating to the piiot the time to release airdrop loads. The

two sighting devices used by TAC C-130 aircrews for Parachute Low
Altitude Delivery (PLADS) with a 60-degree sighting (depression)
angle and an adjustable 10-degree azmuth angle are suitable for use
with the Trolley system.

Rigging and Loading

Analysis of Trolley concept requirements for preparation of rigging
of platforms and drop carge indicate the following may be accomplished:

Deletions Additions
o Honeycomb as energy dissipator o Four cargo slings per umit
0 Adhesive for honeycomb o Second extraction line

o Extraction parachute for each
drop cargo unit




o Cargo parachute(s) and parachute
platform for each drop cargo

o Parachute riser extensions

o Extra cargo parachute release
(with multiple cargo parachutes)

The honeycomb as an energy diseipator may be eliminated due to low
vertical impact velocity attainahle (maximum 9.5 feet per second).
Elimination of honeycomb will lower the vertical center of gravity
location 3 to 9 inches depending on the cargo to be airdropped. This
will decrease any tendency for the cargo to upset upon ground impact.

Individual extraction and cargo parachutes are eliminated since their
function is performed by the Trolley system.

‘Table IIIshows 10 of the 15 loads selected by the TIE contractor
which can be air dropped by Trolley using & C-130. The major
reduction in Trolley system rigged weight is achieved by the deletion
; of the extraction and cargo parachutes and the plywood platforms.

: The reduction in rigging weights for Trolley varies from 177 to 972

; rounds and represents from 32 to 83 percent reduction in rigging

; weight. Detaiied listings of items deleted, including weight and

. cost, were furnished under separate cover to the TIE contractor.

’ (See Appendix II).

R N TR TR SRR VL.

For airdropping with the Trolley concept, the platform is prepared
according to T. 0. 13C7-1-5/T 10-500. Elimination of honeycomb,
extraction and cargo parachutes, and some plywood platforms requires
repositioning of vehicles and recomputation of the modular platform
centers of gravity. Lashing procedures for individual vehicle and
mass loads remain basically the same as outlined in applicable Army
T™M's 10-500. Static lines similar to those employed for extraction
and cargo parachutes with current airdrop systems remain the same

for Trolley. Use of time delay cartridges (approximatel: 10 seconds)
with the cargo parachute release is continued. Dual extraction lines
attached to the alide assembly suspension points are utilized to pre-
vent exceeding the limit load capacity of 1.5 times the rigged gross
weight. Attachment of dual extraction lines is made to the froui
lifting shackles on vehicles such as the M151, 1/4-ton utility truck.
For vehicles which do not have two shackles, the dual extraction lines
are attached to the two attaching point extensions as shown in

T 10-500-10 for the M170, 1/4-ton ambulance. The capacity of the air-
drop cargo suspension slings is doubled by the use of two slings per
suspension point or by increasing the number of loops per sling. The
load on the auspension point of the vekicle platform does ot exceed
the desiyn load specified in MIL-v1D-814A.

The analysis of platform travel from extraction to ground impact
reveals that the platform experience- nuv rotation or reorientation
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around its vertical axis when suspended below ihe cable if proper
rigging and sling attachments are followed. Offsetting the guide
rail from the center of the cargo compartmen: snsures that platform
movement during extraction from a position above to a position below
the cable is uniform for each air drop. Studies of modelas of rigged
cargo loads indicate that improper sling attachment to the slide can
result in a 360-degree —otation of the drop load about the vertical
axis after it clears tb  ‘rcraft or can result in 180 degrees of
rotation aboui that axis in either direction. This result is
different from that reported in the informal progress report on this
contract for the month of June 1066. In that report it waas stated
that retation would occur; further analysis has shown that it need
not occur,

Elimination of individual extraction and cargo parachutes, honeycomb,
and plywood greatly reduces the unii drop weight cost per pound of
cargo delivered, parachute invento:y, unit rigging time, and the
pumber of parachute-rigger and aerial port squadron personmel. A
loadmaster assistant is required for multiple-pass/lingle-drop
missions for duties similar to those performed dvring current PLADS
and LAPES air drops per AFM 55-130. The overall skill level required
remains the same. The number of parachute rigger personnel is reduced
and loadmaster personnel requirements are increared for multiple-pass/
single drops. Aircrew personnel (pilot, copilot and navigator) require
no additional formal training.

Aireraft Operating Procedures

Single and Formation Airdrops - Airdrop with the Trolley concept in
the C-130 can be made as follows:

Single-pass/single-drop
Multiple-pass/single-drop

0
0
o In-trail formation
0

"V" in-trail formation elements

For V" in-trail furmation airdrops, some revisions and changes in
procedure are required to AFM 55-130. "t is necessary to eliminate
the requirement for each element within a section to stack 100 feet
above the preceding element. This change is required because accurate
altitade control was found to be very important in the random error
analysis, The only other change will be that the distance between
elements is increased from 1000 to 2000 feet to ensure clearance
between the towed parachute and succeeding aircraft.

For in~trail formation it is desirable to reduce spacing to 60600
feet betwcen element leaders (in lieu of 2-mile spacing), propwssh
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permitting.

Multiple-pass/single~drop missions are accomplished by a single
aircraft flying a rectangular pattern at 120 knots with J-minute
up~-wind and down-wind legs, l-minute cross-wind legs, and a 15-
degree bank in the turns as shown in Figure 40. A nominal time
of 10 minutes is required to fly this rectangular pattern. A
6-minute check can be accomplished before airdrop upon entry to
the down-wind leg. The Computed Air Release Point ECABP) is
located approximately 1 minute after entry to the up-wind leg.
This rectangular pattern could be adapted to in-trail and "V"
in-trail formation airdrops. Single-pass/multiple-drop (air
assault) procedures and techniques have not been developed for
Trolley. '

Combination equipment/personnel airdrops are not compatible due to
conflicting altitude requirements. Trolley's airdrop altitude for
cargo varies from 440 to 530 feet. Current drop altitudes for
personnel, as listed in AFM 55-130, are as follows:

o Personnel on tactical training 1000 feet
o Personnel in combat 750 feet
o Personnel during wartime training 900 feet
o Basic airborne students 1250 feet

If it i3 assumed that personnel drops can be made at 500 feet, then
it is possible to make equipment/personnel drops concurrently as is
discussed on page 161 of this document. ‘

Terrain and Drop Zone Clearance Requirement - The Trolley concept's
airdrop altitude for cargo varies from 440 to 530 feet. The cable,

when deployed 1300 feet;, trails behind the aircraft in a vertical
plane with the end of the cable about 118 feet below the aircraft
as shown in Figure 41  The parachute at the end of the cable main-
tains a position at lcast 300 feet above the terrain until the
winch brake 1s released over CARP.

Airdrop during a 15-knot direct cross wind requires an aircraft

drift correction of approximately € degrees for an aircraft 'speed

of 110 knots. Other cross wind/airepeed drift correction angles are
shown in Table IV, Thus, the parachute ground track is parallel to
the aircraft ground track and is displaced a maximum of 178 feet down-
wind from the aircraft ground track when the aircraft is flying at

110 knots. The drift vector is compensated for during the calcula-
tion of the CARP.
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Angle Between Airplane Parachute Displacement

Aircraft Speed - Ground Track and Cable -  from Airplane Ground
Knots Degrees Track - Feet
110 7.8 177
120 7.1 163
130 6.6 150
140 6.1 139
150 5.7 130

'Iii:ib-le,:_:'lf?‘- Cabie Loteral Displacement for 15 Knot Crosswind
4% (1300 Font Cable Length)

The heavier drop cargos have the moat shallow trajectories and
require a cleared 200-foot horizontal distance prior to ground

impact to clear a 50 foot obstacle. For single-pass/single-drop,

the accuracy analysis indicates that airdrops with the Trolley
concept can be contained within an ellipse having a semi-major axis
of about 90 feet parallel to the flight path and a semi-minor axis of
about 9 feet normal to the flight path.

With 30 aircraft flying a “"V" in-trail formation, a drop zone about
1800 feet long and 305 feet wide is required to allow airdrop from
each aircraft without interference. The leagth of the drop zone is
determined ty adding the maximux longitudinal miss distance (: 90 feet)
for each element of three aircraft in the formation. The lateral
distanc. is determined by center-to-center spacing requirements of the
aircraft and not by the maximws lateral miss-distance for Trolley
airdrop. Accuracy analyses of Trolley airdrop indicate that if
accurate wind prediction at drop eltitude cen be accomplished, then
Trolley can deliver a piece of equipment on a straight road within

90 feet (longitudinal distance) of a selected point. The Trolley

drop zone size is well within the present requirement for 1800 by

1800 feet for ome parachutist, 1800 by 3000 feet for one heavy
equipment platform, and 2100 by 3000 feet for three eircraft in "V"
formation.

The 1200-foot requirement added to the drop zone length for sach

succeeding platform in AFM 55-1Y0 requires revision to take Trolley
systam accuracy into consideration. Such consideiation is given to

7




other systems as shown by the 60 by 60-foot clearing for PLADS and
the 2000 by 150-foot clearing for LAPES and GPES,

Adverse Weather Operation = Since Trolley is composed nf relatively
simple mechanical components, there should be no major problems in-
volved in designing it to operate under adverse weather conditions.
Design requirements for operational considerations sush eas sand and
dust, extreme temperatures, rain, fungus, etc., will be included in
the early design work.

Air drops by Trolley under adverse weather conditions will be limited
by such things as a.rcraft navigational problems rather than by the
ability of the Trolley equipment to operate. This limitation is the
same as presently experienced by operaticnal systems and is pot further
aggravated by Trolley. Air drops at night will pose no particular
problems if suitable visual or electromic conmtact with the drop zone

is estadlished.

Operational Check List - Trolley procedures are similar to those

used on present C-130 aircraft with a 20-minute warning, 10-minute

warning, 6-uinute warning, l-minute warning, arrival at the CARP

(green light) and completion of drop (red light). These procedures

] remain in effect with minor changes, outlined below, in aircrew duties
and responsibilities from those uvsed in AFN 55-130.

° ~Mi e Warni

Delete: 4. Remove the parachute tiedown straps which
may have been installed to hold the main parachutes in
position on the loads.

ﬂ o J1U-Mipute Worning
No change

o 6-Minate Warning

Add: 8. To Loadmaster Duties: Arm winch rontrol panel
to release pendulum drag chute and 1300 feet 3f cable
wnen ADS button is depressed by the right-seat pilot.
Return to positicn at station 245 and motify pilet
"6-minate checks complete."

Add: 9. To Pilot Duties: The right-sea’ pilet will
upon receipt of notice frum Losdmastsr "6-minute check

complete” actuate the ADS button deploying the drag chute
and extracting 1300 feet of cable off the winch drum.

Add. 10. To Loadmaster Dytieg: After checking indicator
on ccatrol panel that (V30 feet of cable bhave been deployed,




he will preas control override button (preventing early
platform release) and fasten the tapered stop on the cable
next to the Trolley assembly. return to his position at
station 245, set calidbrated control panel for weight (2000,

4000 pounds, etc.) to be airdropped, and notify pilot that
the load is ready.

o l1iin Warni

No additions. Some items normally accomplished during

one-minute warning were accomplished in 6-minute warning
check,

o Arrival at CARP 1

Change in Pilot Duties: The pilot in right seat will
simultaneously turn the green light on and depress butiton
releasing winch brake, thereby extracting payload and
autcmatic reel-out, bdraking and reel-in of cable until

k - gronnd impact of drop cargo some 12 seconds later,

o Completinn of Drop (red light)

Add _to Loadme : Place dr.ue on cable and let
drogue slide down cable toward parschute until parachute
canopy is collapaed (streamer). Operate winch comtrsl
panel and retrieve parachute by reel-in of deployed cable.
Notify pilot when ciear to close the ramp euwd door.

‘ Note: Por additional drops Loadmaster will reel-ia cahle

i with drag parachnte to 1300-foot pesition and place Trolley

E assembly into cable and Trolley guide with extraction line

| and cargo slings attached if not already in position.

P Checksa will ke initiated starting with G—winute warning..
Pilot wiil fly rectangular pattorn showu in Figure 4C.

Trolley System Compatibility with Other Afrcraft

The Trolley system has been analyzsd and Jesigned for inatallat.ea in
a8 C-~130 aircraft, Howewar. some considaration was alsc given to the

. installation of this system into the C~l4i, TV-2, and CV-7 aircraft, :
In general, the reaults of this consideratica showed that no particular

problems would be encountered in viilizing the systew in these other
ajrcraft.

Compatibility with C-1413 - The Trolley system can de adapted for
aivrdrop of equipment from the C-141A. Figure 42 presents the rwmount
of excess thrust availabdble al 220,000 pounda of gross weight inm

! ~ standerd atmosphere 2t aea level and at & 500C-1ooi altitude. The

‘w




Adr Dhop C andigration
(€ argn Door Opdn, Ramp Dowes, 457 Flags, Gooe L)
Gross Waight 220,000 Pourds-

40 . : ‘
| P |
Milltary Ruted Theust
8
36— 1
Normal Rated Thrust
? 34
o
i
2
5
a —
] 32 —
E:
e
2 Militory Rated Thrust
o ‘—"—-—~-~-§-~‘
h 30 ‘\\\
\\\
\\\
\\
28 — ‘ N
S N
I Normol Rated Thrust M
26 \\‘
e Sea Level (Standard Atmosphere) \\\\
~=ee= 5,000 Feet (Standard Atmosphere) .
\
\
\\
24 | | .
100 110 120 130 140 150
Knots - EAS

Figure .- C-141 Excess Thrust Available at 220,000 Pounds Gross Weight



i

Compatibility with CV~7A and CV-2 - Based on available data, Figure i}‘_ll_,;

saight chieh ecan be airdropped with the Trolley concept is one-half

nl the esseen thruest available, Thus, the C-141A carn airdrop weights
! W ,000 sacnde at sea leve! and 16,000 pounds at 5000-foot altitude
drnp sunen.  9f the 19 typioal loads identified by TIE contractor,
only the ARAAY (Laad Ne. lA) cannot be airdropped with the Trolley
systom. The 19,000-peund M11!) armored troop carrier with iess rigging
veight ean be alr Z~opped at reduced aircraft gross weight.

The 9 & :0 s 70-faet cargo compsrtment of the C-141A is eimilar to
the (-1 @ earge compartment and has a compatible integral rail system.

Yar thq U0,000-pound airdrop capability, a llightli larger winch and
cahle diameter la required. The cable enaion lcads are doubled and

n 1-1'8-imch diameter cable is required. The Trolley equipment with
the 2000 te 10,000-pound air drop capability for the C-130 could also
he uitlised in the C-~141A,

presents the Cv-7A aircraft excess thrust available at the 30,000- i
ouga gross weight ct sea level, standard atmosphere and at 5000 feet
?HS ?) in clean configuration {ramp up, door closed). The airspeed
range is increased in scope to include the normal 80 to 110-knot
airdrop speed of the CV-7A, At the slower 80-knot airspeed, a 4000-
pound unit weight can be airdropped at sea level. The unit weight
capability is reduced since the aircraft gross weight, including
Trolley system, payload, and fuel, is 32,000 to 34,000 pounds with
additional drag produced by the ramp and cargo door during airdrop
thereby reducing excess thrust shown in Pigure 47. The unit weight
which can be air dropped at a 5000~foot altitude (kot day) is approxi-
mately 2200 pounds at the same aircraft gross weight.

The capability for CV-2 aircraft cannot be determined due to non-
availability of detailed aircraft performance data (power available
versus power required) which was requested from toe U. S. Army.
Comparison of norual CV-2 and CV-7 payload-carrying capability,

7103 pounds for CV-2 versus 11,665 for CV-7, indicates that the

CV-2 has a limited capability. Installation of the Trolley system
reduces the amount of payload which can be carried. '~2 operation
at or necr maximum gross weight is required, thus reducing the amount
of excess thrust available for airdrop with the Trolley concept.
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FUNCIIONAL ANALYSIS

The functiemal e2nalysis of the Trolley system consisted of investiga-~
tion of the following items:

o Mechanical Reliability
o Maintainability
¢ Simplicity

o Safety

o Economy

Each of these items is considered important to the overall evaluation
of the system's true value to the user. A discussion of each follows.

Mechanical Reliability

A reliability analysis of the Trolley system, conducted to assess the
reliability level inherent in the proposed conceptual design, is based
on one complete operation of the aystem with the delivery of a single
drop cargo to a pre-selected drop zonme. A failure is defined to be
any malfunction which results in failure to deliver the payload in a
usable condition. A reliability level of 0.9997 is predicted for the
proposed Trolley system based on the abeve ground rules. This pre-
diction includes equipment presently installed in the C-13%0 aircraft
which is specifically utilized during Trolley airdrop operation but

is not peculiar to the Trolley system. It is assumed, however, that
all other airborne equipment will function properly during the airdrop
operation.

Predicted reliability values for individual equipment are shown in
Table- ¥ , These values are based on sxperience wita similar com-
ponents from 27,832 flights hours of C-l4]1 operational data; datas

from HC-130H test programs; and engineeriag judgment.

The high reliability level predic.'d for the Trolley system can be
attributed to the short duration of the airdrop operaticn and to the
fact that the system is composed primarily of mechanical equipment
which has historically demonstrated high levels of reliability. The
system does, however, contain hardware which is not available "off-
the-shelf." Further development of this equipment muat ensure that
good reliability design practices are adhered to if 2 high level of
reliability for the system is to be achieved.
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Fo.lures/1 06 Predicted

Neme-clo.-e System Operations  Reliability
Winch 200 0.9998
Winch Co-*cl 20 0.99998
Cable ! 0.999999
T:elley Slide Aembly* 3 0.999997
Cable & ":clle Guide Rasl ! 0.999999
Drag Parach.re 1 0.999999
Ca-go "iedew~-, Sli. y, = 4

Eetraciin- tiles 3 0.999997
Pendulum Sy:tem 48 0.999952
Sight.-g De. ice ! 0.999999

*irclude- fu-c i0- 3| redu 11 ¢y

Table V - Mech” ‘¢nl Relinbility Predicted Values

The reliability analysis indicates that the winch is potentially the
primary reliability problem ~rea in the system. In gener:al, expe-
rience with winches in aircraft applications such as the KC-130H
program indicatees that the principal problems are created by the fact
that winches are predominantly designed for industrial applications.
Thus, the problems associated with the high-strength, light-weight
requirements of aircreft applications are frequently neglecied even
with winches designed to aiscraft specifications. Experience has

also shown that this gemeral pr.biem can be overcome by adequate
reliability monitoring and centrel during winch deesign and development.

More specific reliability problems are expected to arise from the
braking and reel-in rate requirements. Although landing gear braking
hardeare (such as that found on B-52 aircraft) cun be used for braking
the winch, the reliability state-of-the-art for such systems has been
unsatis?actory; historically. This potential problem area has been

RA




sag Rl et e 3 s

s

lessened somewhat since it was found that increased braking times

(from 0.5 to 1.5 seconds) are permissible within the oper~tional
concept of the system. The reel-in rate requirement against the
expected tensile loads imposes an unusually high-power requirement

for the winch. This requiroment, as well as other considerations,
makes the use of a direct electrical or hydraulic drive for the winch
very difficult. Use of ¢ flywheel to store energy until reel-in is
required. would preclude the requirement to add an electric or hydraulic
power source to the aircraft system to power the winch. This simplifi-
cation will make the winch reliability goals easier to meet.

The winch control panel is not expected to be a reliability problem
due to its relative simplicity. It is assumed that the control panel
will consist of a simple timing device and associated control equip-
ment and will not include more sophisticated capability such as cable
tension sensing devices or automated input of aircraft flight para-
meters.

The Trolley slide assembly is expected to be highly reliable due to
the basic simplicity of the assembly and functiomal redundancy in
the drop cargo relase mechanism,

The remaining hardware peculiar to the Trolley system is essentially
mechanical in nature. Employment of standard reliability practices,
such as derating and the use of high-reliability parts will ensure

a high inherent level of reliability for these parts.

Maintainabjlaty

Ease of maintenance has been a prime consideration in the conceptual
design of all Trolley equipment. Efforts have been made to choose
equipment which will operate in a military environment with a minimum
of servicing. It is expected that this emphasis on maintainability
will result in reduced operating costs of the Trolley concept.

All equipment installed in the drop aircraft is exposed and immediately
accessible. There are no covers over the trolley guide rail on the
aircraft floor or over the winch. Suitable safety guards on the winch
can be quickly opeped should the need arise.

Since component weight is not extremely critical, this consideration
aids in assuring that each part of the system is rugged and designed
for long life. This approach improves maintainability since the
resulte of poor care and rough usage can be tolerated better by
rugged components.

The Trolley system has no highlv complex equipment which requires
servicing by highly skilled technicians. The only possible exceptions
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are the winch and the winch control. These units are simplified as
much as possible to ensuire that personnel in the field can maintain
and operate each 1item.

An analysis of each of the major components of the Trolley system serves
to illustirate its ease of maintenance.

[+]

o

Winch - Buile :¢ s‘andard marufaciuring practices, this
winch is within the state of the art. Periodic inspection
and lubrication are she only maintenance items expected.
The winch is mounted iv the Lerward end of the cargo com-
partment and is accessable from all sides. Standard winch
drive and cable level wind mechanisms are designed so that
stacdard hand toels can be used on them.

Winch Control - The w.zch ccntrol is basically a simple
timer mechanism with an element to cemizrol cable tension
and hrake pressure, The unit is relatively uusophisticated
and can be repaired ‘r a standard instrument shop. Field
sdjustmwents and module replacement are also possible. The
coniro] is mounted on the winch where it is easily access-
able.

Cable - A standard 18 y¥ 7. or special 19 x 7, swaged cable
willi be nsed, Periedic inspection and lubrication are the
only maintenar:e 1tems expected.

ITrolley Slide Assembly -- Inspection of the teflon liner for
damage and thickaess ia the only expected maintenance item
prior to reuse,

Guide Rail  Completely exposed with no moving parts, little
or no ma.,ntenance 18 expected.

Irag Chute - Normal inspection, repair; and repacking
presently dore on other parachutes 2.e the only maintenance
items anticipated.

Tiedowne ~ Maintenance will consist of inapection and repair
as done on present airdrop rigging.

Sighting Device - Li.tle 27 no maintenance is expected,

From the information presented above, it ran be seen that the use of

standard equipment which have few moving parts .ud which »»; easily

accessable makes Trclley a system which can be easily maintained in
the field.

gy




Simplicity

To the extent possible within the scope of this study contract, the
simplicity of the Trolley system and its components was considered a
very important factor. Efforts were expended in an attempt to make
the system as uncomplicated as possible so that it would have higher
inherent reliability, be easier to operate and maintain in the field,
and have a lower cost for acquisition and operation.

As presented in the original proposal*, the trolley which slides down
the cable (from which the payload is suspended) was a relatively
complicated and rather costly wheeled mechanism. A mathematical
evaluaiion was conducted to determine if a slide could be substituted
for the wheeled trolley. Of prime concern was the sliding efficiency
or coefficient of friction of such a slide, the heat build up involved,
effects of the sliding and heat on the materials involved, and avail-
ability of appropriate materials., Results of this investigation asnow
that a slide lined with teflon has little or no heat build up, has a
sliding friction only slightly higher than the wheeled trolley, and
can be fabricated much more economically. Thus, present plans are
based on replacing the wheeled trolley with a slide.

Further attempts at simplification of the trolley slide will be made
during the hardware development phase of the Trolley concept. A slide
manufactured economically enough to make it feasible to discard it
after each use would further simplify the maintenance and operation

of the system.

Efforts were expended to reduce the aircraft modifications and com-
plexity of the drop sequence resulting from routing the tow cable
along the ceiling of the cargo compartment. The result of this effort
is a system which routes the cable in a guide rail under the drop
platforms between the platforms and the aircraft floor. This system
eliminates many of the cable guides and pulleys and makes multiple
drops from the same aircraft possible.

A further simplification is the decision that the control for the
winch need not have the ability to sense cable temsion and then adjust
reel-in rate in order to keep a constant line temsion during reel-im.
Instead, a clutch mechanism is installed ~n the winch drive which runs
at a constant torque, thus giving coustant line tension.

*Lockheed-Georgia Company. A _proposal for a Preliminary Investigation
of the Trolley Low-Altitude Airdrop Concept, ETP 835. July 1965.




The winch voeltr o, w0 ale0 change i 30 that is need not sense the
length of cahle payea 3. to determine when the brake should be
applicd to stop 're winch. ‘nstead, a simple timer, set to the
same valueg for all loads, is used %o initiate braking and winch reel-
in., These chanpes to the winch control greatly simplify its operation.

When Trolley is compared wi:h the present airdrop systems, it

can be seen Lhat the elimination of recovery parachutes and their
packing and rigging and elimination of the honeycomb decelerators
make Trolley muc: simpler +o operate. The ability to drive vehicles
onto the airdrop platrorms for rigging and to drive them off after
drop saves much time, exposes the combat soldier to enemy fire for

a shorter time while getting the vehicle into combat, and eliminates
the need for large fork lifte and cranes for loading and unloading.
This simplification makee total system operation cheaper and releases
more men for combav.

In summary, it is seen tna% tne reduced number of components, shorter
riggirg and derigging time, ard lack of residue on the drop zone
makes Trolley cimpler than present systems to operate and maintain.

Sufety

A safety analysis of the Trolley. airdrop concept has been conducted
by Aerospace Safety Ergineers to determine 'the adequacy of control,
warning and protec‘ive devices, normal and emergency operating pro-
cedures, and check iists. Based on the following determinations, it
is concluded that the Trolley concept, as proposed, poses no undue

‘hazard to the safe<y of personnel, aircraft, or equipment.

The unit drop weight will be limited to less than 50 percent of the
excess thrust available under existing conditions of altitude, tempera-
ture, airspeed, and gross weigh*, for 2.0-g extraction,.

The dual-rail cargo system with modular platfc-ms, the drag parachute
ejection pendulum gystem, and thie sighting device to be used are not
peculiar to the Trolley concept but are typical service-proven items
presently installed on airdrop C-130 aircraft. They are attached to
the aircraft in the conventional manner and pose no undue hazard to
the ajrcraft.

On-board cable routing pulleys, guides, and guards provide adequate
crew protection.

Standard airdrop/aircrew operational procedures, established by AFM
56-130, are followed exnept for the minor changes in airecrew duties
and responsibilities peculiar to the Trolley concept. {Refer to

1
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check list in Operational Analysis section.)

The winch installation and drive mechaniam are enclosed for aircrew
and airframe protection.

The minimum breaking stength of 3/4~inch, 18 x 7 wire rope is 47,960
pounds. Calculated cable tensions are as iollows:

Steady line tension 20,000 Pounds
Peak line tension (at braking) 26,910 Pounds
Cable dynamic load factor 4,140 Pounds
Total cable tension

(Peak load & Dynamic load) 31,050 Pounds
Denign load (Total cable temsion

x 1.5 Safety factor) 46,575 Pounds

Winch design and requirements, though not finalized at this time, are
within the state-of-the-art.

The cable and winch installation is grounded to aircraft structure to
eliminate static electrical discharge hazerd,

The loadmaster is provided with & headset and microphone with eufficient
cord length to provide frcedom of movement while he maintains continuous
voice contact with the cockpit crew.

The initial shock load at drag parachute deployment and at braking is
well below the cable and winch installation design load capability.

Winch and czble control for the load extraction, braking, reel-!-
sequence is mechanicelly programmed but has manual operation capability
which allows remote operation by the copilot from the cockpit or by

the loadmaster in the cargo compartmant,

Load extraction from the aircraft is accomplished at 2 g-acceleration
in 1.2 seconds, which minimizes aircraft response and possible inter-
ference.

Standard rigging procedures for various type loads are used to preclude
load entanglement, and rigging for Trolley airdrop is simpier than
rigging for normal airdrap.

On ground impact, a standard parachute relessv automatically releases
the load from the trolley. As a backup safety item, a cargo release
stop, located on the cable 10 feet from the parachute, wechanically
separates the trolley und load from the cadble in the event the impact
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load release me-hanism has not been activated or has malfunctioned.

In the event of a snagged chute or load, a slip-clutch mechanism
incorporated in the winch assembly and adjusted to a cable tension

horizontal component equal to 1.8 g, releases the t-i:‘' iength oi
cable from the drum before the total drag reaches the excess thrust
available under the existing conditions,

In the event of any emergency. an explosion-proof, elecirically-
excited, car‘ridge-actaated cable cutter;, located adjacent to the

vinch and operated remotely by either the ccpilot or the loadmaster,
prevides the primary means ¢f jettisoning the cable, load, and drag
parachute at any time during the airdrop sequence. The loadmaster

bhas the prerogative of disarming the cable cutter whvicver he deems

it necessary for perscnal safety when he is working in close proximity
to the cable.

The Flight Test Program on drag parachute performauce, completed in
May 1966, indicates tbat the snap-batk or whip, resulting from a cut
or failed cable nnder temsior. 1s regligible and does not jeopardige
the cafety of the air crew or aircraft,

In the event of a failure resulting in an inadvertent gravity air-
drop, the results of th. Lockheed-Georgia's, C-130F Inadvertent
Gravity Airdrop Demonstration FER-7626. November 23, 1965, indicate
that such airdrops ware successfully performed at cargo weights of
19,940 pounds at 130 KEAS and 28.150 pounds at 150 KEAS, The
10,000 pound,; 130 KEAS configuration proposed in the Trolley low~

altitude airdrop concept ts weli below the demonstrated capabilities
of the aircraft and aircrew.

All components of the system will te functionuily tested and ground
cperated prier to flight.

Economy

Because of the unique nature of the Trolley airdrop compept, cost
advantages accrue that allow the rost per-delivered-pound »f airdrop
items to be reduced. This acrural 1s due drimarily tc the following
reasons

o Para‘hute i retrieved 10to the aircraft

o Less shock absorber material is required

o Riggiag requirswents are vedaced

o Damage to 11eme airdropped is minimized

o Imrioved a. ivacy reduces lous cauaed when
the drop zone is missed
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The initial rost of Trolley equipment as presented in Table VI can
he amortized over the life of the system. All the items of Figure
49 stay with the aircraft or are retrieved into the airvcraft after
airdrop with the exception of the slide. The slide is reusable,
but it is released from the cable after airdrop.

The cost* per airdrop of equipment peculiar to the Trolley concept
is #20.2% based on a 10-year life with the aircraft's flying three
missions per week and airdropping three items on each mission. This
pumber was obtaincd by adding the estimated costs of all items in

‘Aéplee V]I (except the slide) and dividing by the total number of times

the system is utilized. The slide was not included because it is not
retrieved into the aircraft even though it is reusable.

In the detailed rigging analysis conducted for the TIE contractor,
it was determined that Trolley could save an average of about 32500
per load due to a reduction in parachutes, rigging, and shock
absorbers. For example, a net seving of $2487.43 ibased on not
reusing the parachutes) was realized in rigging an M3841 1/4~ton
Utility Truck for Trolley airdrop as compared to conventiogal
sirdrop. By utilizing this number and subtracting the coats for
Trolley equipment (based on not reusing the slideg, a net saving

of 8" .51 per pound delivered is realized on this particular airdrop
iter., Similar savings are realized on other items of equipment that
are airdropped.

It should hs noted that the only item left on the ground other thaAn
rigging is the slide. Its cost is relatively small when it is com-~
sidered that just one G-11A parachute costs $1150, and two or more
of these parachutes are required to airdrop many items of equipment.
Three G-12D parachutes for the ubove load cost $1746.

Another advantage gained in economy with Trolley is that less payload
capabilitv cf the airplane is required since the Trolley rigged
weight is generally about 30 percent less than that required for
conventional airdrop, This weight savings permits inercased range
for the aircraft or allows operation at lower gross weights,

No xttempt was made t> calculate the sa . ings resulting from the reduc-
tion in rigging and derigging manhours and the lower damage rate due
to lower velocity and higher accuracy impacts. However, these savingn
are thought tn be considerable,

* Winch cost is cssumed to be $84,000




Average

Unit High Llow

Cost Estimate Estimate
item Description Quantivy Dollars Dollars Dollars
Slide ! 60C 1,000 400
Cuide Rail ! 500 800 400
Stop i 45 75 25
Guide Pulley 2 35 50 2C
Cable ! 2,000 2,400 1,800
Guiilotire ! 250 3c¢ 225
22' Ringslor Pcrachure* ! 250 300 235
28’ Ringslot Parachute* : 370 420 350
35’ Ringslet Parachute* ! 560 550 480
¥irch Platform i 500 70C 400
Rozar Altimeter ! 7,000 7,800 6,800
Winch ! 84,000 84,000 64,000
Trolley Equip- ant Cost 95,335 97,595 94,440

Note: The winch concept i3 within the state of the art and would
not require any breakthrough ir technology. However,
Lockheed has little experience in estimating winch costs
and does not feel qualified to pass judgment on these

*Orly ore parachute used per drop. The 28-foot parochute costs
were used in arsivirg ot the totals.

-+ 1~ Cost of Peculior Troiley Equipment

e

figures; hence no estimate of high and low costs was made.
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TEST PROGRAM

A flight test program was conducted im order to confirm that the
trailing paractute is relatively stabie and behaves in a predictable
manner. Verification of mathematical predictions of parachute positions
was A secondary objective. The tests comsisted of towing a parachute
on a cable at distances up to 2,000 feet behind a C-130 flying at

speeds ranging from 110 to 150 kmots. Certain laboratory tests

were conducted prior to flight tests to ensure safety during the

flight test. Laboratory tests were conducted at the Lockheed-Georgia
Company and flight tests were conducted at the El Centro Naval Air
Facility, California.

Laboratory Tests

In orde: to ensure safe operation of the cable cutters inctalled in
the test equipment, it was decided to conduct a functional test of

the cutters. The test was comducted utiliizing the equipwent shown

in Pigure 44. Cable specimens approximately 5 feet long were rigged
using the same wire rope eyes vhich were used during the fiight tests.
One end of the cable was fixed to a pin and the riher was atiached to
a loal cell and hydraulic cylinder. Tension war applied to the cable
by the hydraulic cylinder and the load om: the cable was determined
from instrumentation associated with the load cell., A schematic
diagram of the test equipment is shown in Pigure 45.

The test set-up was completed on 15 February 1966 and the six tesis
were run on 15, 16 and 17 Pebruary. Figure 46 shows the results of
the cable cutter operation vhen a cable was severed by the cutter
with no tension aprlied to the cable. The photograph shows that a
clean cut was made., The cutter operated instanianesunsly and no
noticezble shock or rebound occurred. This test was fellowed by
one in whichk 5000 pounds of tension was placed on the cable prior
to firing the cutter. Since this condition is considered the one
which most cloaely simulates the operational tests, it was repeated
twice. The results of both tests were identical as shown in

Figure &47. Again, the cable was cut cleanly. Three tests with the
cable under a tension of 10,000 pounds were conducted since this is
the highest flight test ioad expected. Again, instantaneous cutting
of the cable was clean, but the cable unraveled more thzr in the
5000-pound tension test. Results are seen in Figure 48. 1In all
tests the cutier fired instantaneously with no flame or smoke.
Pignre 49 shows the disassembled cable cutter used in these tests.
The same cutting chisel was used fer all tests with little or no
ercrion occurring. Figure 50 shows the anvil used in the cutter.
Although the vendor considers these anvils to be expendable after
each test, it is seen that mmltiple firings on the same anvil




juawdinby ys3] Aiojosoqo -y N6y

96

JURTRYRE

—




i

5
i

Strain Indicator

o )/

: 28 Volt DC Powsr
3 Supply
! \

43

MSA Cable Cutter

[ X X ]

Toggle Switch

/-5/8“ Steel Cable
/ Load Cell

il

Hydraulic
Hand Pump

Load Cylinder

v
1

L]

L

Figure 45 - Schematic - Laboratory Test Equipment
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Figure 46 - Laboratory Test Results -~ Cable under No Tension
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Figure 50 - Cable Cutter Anvil after Laboratory Test
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resulted in nc apparent detericration of anvil effectiveness.

From the cable cutter tosts described above, it was concluded that
the Mine Safety Applicances cutter wsuld safely cut the cable under
all conditions expected during the flight test program.

Fligh s

The Trolley flight test program was conducted at the El Centro Naval
Air Pacility, California during the period from 18 April 1966
through 4 May 1966. Al) objectives of the program were achicved
within the time programmed at the tegiuming of the study coniract.
The programmed test pcints were flown essentially as defined in
Lockheed-Georgia's Engineering Flight Test Program. Low Altitude
Airdrop Concept. ER 829i, as revised 31 March 1966.

Test Preparation - The ‘et equipment was installed on a C-130E
aircraft as shown i Figur: 5:. The installation shown in that
figure is mot to be confused wi*h the conceptual design of an
operational Trolley System. Since the purpose of the flight test
was to determine parachute stubility characteristics and position,
the equipment used was designed to perform that task only. Opera-
tional Trolley equipment woald be more compact o¢ccupy less cargo
compartmert spa:e and so.la not interfere with the roller system
on the cargo floor.

Figure 52 shows the wiuch nsed 1n the test program as 1t was mounted
on its platform and 1nstalled 1n the test aircraft. The hydranlic
drive motor, speed red:icer. and chain drive system (with safety
guards) can be seep oo *he left. The winch controls and hydraulic
system heat exchangers are mounted on the right. The device used
for measuring cable tens.on cap be seen lying on the cable guard

in the center of the picture,

In Figures 53 and 54 the aft platform which held the cable guide
rollers, satety guillotines aua :ameras are shown. The 60-foot
nylon extraction lire w=hi.h connected the parachute to the cable

is shown tied to a prece of plywicd mounted on the top of the cable
guide framework. After deploymert of the parachute. the plywood
was removed and stowed elsewhers .n the aircraft, The large
rectangular structure :n the ranter of Figure 53 and on the left

in Figure 54 1s the plymocd cable guard which guurded the cable
between the forward and aft plo¢forms.

The rear of the mivcraft with the teat equipment :nstalled 1s seen

in Figure " . In this ph rograph the two cumeras used to photo-

graph the parachute at cach test po.nt -an be seen mounted on both
outside ecdges of the aft pl..-form The guide rollers which restrained
vertical and horizontal mevement of the cable are also shown.
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Test Results -~ Four flights were conducted to obtain the necessary
data. Due to an El Centro requirersnt to sapport other test programs,
no additional flights were posaible. I-wever, sufficient data were
obtained to show the feasibility of the Trolley concept. Additienal
flights would have served only to reduce the scatter of data obtained.
A description of each of the fliglhts follows.

o Flight Number 1 — This flight was fliown for an airspeed
system check calibration against a calibrated T-33. Since
the Lockheed-Georgia equipment was onboard and connected
to the aircraft's hydraulic system, Lockheed teat personnel
participated. However, no engineering test data that were
pertinent to this test program were recorded.

o Flight Number 2 - This flight was flown for data points A-1

through C-3 as defined in ER-829]1. Parachute deployment at
130 KIAS and 5000 feet was normal; however, immediately

after deployment, when the parachute was still within 65

feet of the C-130, rapid counter-clockwise rotation of the
parachute, as viewed from the airplane, began. During

this period of parachute rctation, the cable tension was
measured and recorded. This operation required approximately
5 minutes after which it was noted that the cable immediately
aft of the roller guide system was sepsrated in such mannmer
that all of the cable tension was transmitted through the
center, or core strands, of the cable.

It was decided that immediate cable and parachute separation
should be accomplished to reduce the possibility of a cable
break due to the overloading of the center strands., Cable
and parachute separation were accomplished without difficulty
by use of the "normal" cable cutter. The parachute and short
cable were picked up and returned vo El Centro for inepection.
This visual inspection revealed no parachute abnormalities
which might have been responsible for the rapid rotation.

The cable separation occurred over approximately a length of

2 feet, and "fanned-out" to a diameter of approximately 6 to

8 inches., As previously statec, no parachute abnormalities

were discovered in the post-flight inspection and the reason

for parachute rotation close to the aircraft remains unexplained.
Only one datum point was generated on this flight. It is shown
on Table TIXix

o Flight Number 3 - This flight was flown for data points A-l
through F-3 as defined in ER-8291 except that the 125 KIAS
points shown at the 1500-foot cable leugth should be 130 KIAS.

Parachnute deployment at 130 KIAS was normal, No significant
parachute rotation resulted.
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Run No. 1
Cable Length - Feet 64
Airspeed KCAS 130

Cable Tension - Pounds 6780 Flight aborted due to parachute
Fuel Weight - Pounds rotation and cable separation.
Parachute h - Feet

Airplane Weight - Pounds

Test Dote 28 April 1966

Tabler VIT- Fright No. 2 Test Dato

To avoid pc.sible problems associated with parachute rotation,
it was immediately deployed to the 1000-foot point. At no
time during this deployment did significant parachute retation
occur, Generally, the parachute and cable were very stable,
and the test data points were obtained more rapidly than anti-
.cipated. The entire schedul: of the test dat~ points, as
defined on page 5 of ER-8291, was obtained during this flight.
It was recognized during fligat that considerable data scatter
existed; however, there was insufficient fuel in the aircrafi
for the test of questionable points to be repeated. Data
from this flight are shown on Table VIII.

Figure 59 is a photograph taken during this flight and is
typical of ali test c.nditions, The arag parachute is being
towed on 1000 feet of cabi- by *he C-130 at a flight speed
of 150 knots. Th~ shape of ‘e cable can be seen and it
appears that the parachute, at “he extreme righi, is at the
lowest point of the parachute/r ble combination.
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o Flight Number 4 - This flight was flown primarily to define
the "q-hump" behind the airplane that was believed to exist
at about 100 to 300 feet aft of the empennage. Cable tensions
were also obiained for cable lengths in 100-foot intervals
out to 2000 feet at 110 KIAS,

Still-photographs of tow cable geometry were obtained at

each 500-foot interval and at 1300 feet. A set of three

data points (at 110, 130, and 150 KIAS) with 1300 feet c.
cable deployed was obtained since the 1300-foot cable leagth
appeared, from computer results, to be a realistic length,
Also, 30-degree banked turns in both directions were performed
to determine parachute-tow cable stability at 130 KCAS and to
note any adveree affects on airplane handling characteristics.
Parachute and tow cable stability were considered excellent

at 1300 feet and 130 KCAS and in turns with up to 30 degrees
of bank. However, with 1000 feet of the cable deployed the
parachute apparently "rides" in the airplane wake and pro-
duces vertical and lateral oscillations of the parachute which,
in turn, feed the tow cable into a '"jump-rope" type of
oscillation, Data from this flight are shown in Table IX.

All useful data from the test program are tabulated in Table VII, VIII
and: . IX . Plots of the speed-corrected and force-corrected data are
shown in Figures 57 and -/, From Figure 37 it is seen that neither
"q" variation aft of the airplane nor a force increase due to the
gravity component of the cable is evident. These variations, if they
exist in terms of cable tension at the aircraft, are of such magni-
tude that they are lost in the scatter of data. Figure 58 daua
present such scatter that little use can be made of this information.
This scatter is adequate evidence that a more accurate means of
measuring differential height between airpiane and parachute must

be developed. The several photographic attempts to determine the
difference in height between the airplane and parachnte resulted in
no useable information being obtained. The results included in this
report were obtained by comparing the chase airplane altimeter with
the tow airplane altimeter.

These data also suggest that the vertical flight path of the towing
aircraft may have been somewhat oscillatory and may have induced a
vertical oscillation of unknown phase relationship into the tow
cable and parachute system. Since vertical distance above the sur-
face onto which a package may be delivered by this concept is
critical, further investigation of the airplane-parachute dynamics
may be warranted.

From the results of the test program, certain conclusions can be
drawn:
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Figure 57 - Cable Tension vs. Cable Length
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Parachute Altitude Below Airplane - Feet
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1. Deploymeunt, towing, and separation of high-drag parachutes
with 5/8-inch ste¢l cable used in these tests should not
present any major problems in Trolley operation.

2. Cable rebound at severence presented no energy dissipation
problem. Cable rebound within the tunnel was as anticipated.

3. No adverse affects of the towed parachute on airplane hand-
ling characteristice were noted by the Air Force flight crew.

4. Stability of the parachute and tow cable was excellent in all
phases of flight except for the 1000-foot length cable in the
turns as previously stated.

5. Some method of preventing parachute rotation may be required
to relieve undesirable effects on the tow cable.

6. Little or no parschute damage will occur while it is beinyg
towed for a Trolley drop.

7. Test results show nothing which would preclude further develop~
ment of the Trolley concept.
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III,

Conclusions and Recommendations

As a resuit of this investigation the Trolley system conceptual design
has progressed to a point where hardware development is entirely
feasible, Significant conclusions of this study are summarized below:

0

Unit drop weights of 2000 to 10,000 pounds can be airdropped
from a C-130.

Accuracy of airdrop is much better than that available with
present airdrop systems and results in much smaller drop zone
requirements,

Vertical impact velocity is sufficiently low so that energy
absorbers can be eliminated.

When aircraft velocity is 120 knots, horizontal impact velocities
are compatible with those in conventioral airdrops.

Cost-per-delivered pound of airdrop items is significantliy
reduced.

Rigging is simplified and rigging time is reduced - thereby
reducing manpower requirements.

The wheeled trolley assembly can be replaced with a cheaper
and simpler slide assembly,

The cable can be routed under the drop platfor i thereby
eliminating the need for overhead routing pulleys and
equipment. This greatly simplifies the installation of
the equipment in the airplane and makes more of the cargo
compartment available for payload.

The system as conceptually designed for the C-130 can be
adapted to the C-141 for 10,000-pound drops or redesigned
to permit delivery of up to 20,000 pounds from the C-1L1.

The system can be adapted to the CV-2 and CV-7 aircraft with
reduced unit drop weight capability.

Better Troliey system performance can be attained if the follcwing
recommerndations are followed during a hardware development program:

0

Design the system and "tune" it for various drop weights to
one aircraft speed - preferably a relatively low speed such
as 120 knotis.
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o Investigate Trolley concept capability above the 500-foot maximum
ceiling placed on it by the Vork Statement of the present study.

o Coordinate with vehicle manufacturers to determine the maxdmum
impact load capabilities of airdropped vehicles.

In summary, the Trolley ccncept has been proven fzasible by analysis
and limited componert testing and is ready for hardware development
to prove its operational worth. No breakthrough in technolcgy is
required for further development.
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Subscripts

gaossapm

Drag

Porce

Graevity

Moment of Inertia
Parachute Drag
Lift

Masz of Airplane

- Pitching Moment

Thrist
Adrcraft Velscity
Weigh:

Flight Pat? Angle

Angle heiween Parachute and
Horixontal after Extraction

Angle of Attack
Flap Deflection
Pitch Angle
Pendulum Cargo Angle
ireiling Cable Angle

Airplane

Aerodynanic Center of Gravity
Cargo

Center of Gravity

Cable Support in Airplane
Elevatoy

Units

Pownds
Pownds
!%/Bocz
Slug - ¢
Pounds
Pounds
Slugs
Poot/Pomds
Pounds
Pt/Sec
Pernds

Dugrees
Degrees
Degrees

Degrees

Degrees
Degrees
Degreea




Subscrints
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Resultant
Parachute
X direction
Z direction
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APPENDIX ]
ANALOG WIRING DIAGRAMS

The equations of motion were programsed for solution on a Beckman-
Ease analog computer. Figures 68 through 80 show the symbolic
wiring diagrems along with the equations. Each wiring diagram
describes the scaled equation which is used to derive the
magnitudes of the various parameters.

Preparation of the data for analog computation includes the
calculation of the values of lift, drag, and pitching moment
coefficients for the C-130 airplane along with the servo-set
coefficient potentiometer settings and input gains fer each rum,
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APPENDIX II

TECHNICAL INTEGRATION AND EVALUATICN DATA

The material in this appendix was submitted to the Technical Integra-
tion and Evaluation (TIE) Contractor, Dunlap and Associates, Inc.,
One Parkland Drive, Darien,Connecticut, on 29 July 1966, in

response to its report Information Requiremen.s for Technical
Integration and Evaluation of Low Level Airdrop Concepts, 22 April
1966. As such, it does not contain all the important data on the
Trolley system nor does it necessarily show Trolliey at its best
advantage, More complete information is reported in the main body
of this report.

13




TROLLEY SYSTEM DESCRIPTION

The Trolley system consists of a parachute trailing at the end of
a long cable which passes ithrougi a slide on the drop cargo and
onto a winch in the aircraft. A stop which cannot pass through
the slide is attached to the cable between the drop cargo slide
and the winch. When the winch brake is released, the drag of

the parachute is applied to the slide by this stop, thus
extracting the drop cargo from the aircraft.

For the first few seconds of drop, the cable between the drop
cargo and the aircraft is allowed to pay out freely; the tension
in that portion of the cable is minimal. The system in this

phase is much like the extraction phase of a conventional paradrop.

After a predetermined amount of cable is payed out, the winch is
quickly braked to a controlled stop, and the tension in both
cable sections becomes approximately equal. Due to aerodynamic
drag and the difference in line slopes, the slide from which the
drop cargo is suspended begins to move toward the parachute while
continuing to decelerate horizontally, When the drop cargo
touches the ground, the slide is disconnected from the drop cargo
by a standard impact release mechanism. A short time later, the
slide is released from the cable when it strikes a stop placed on
the cable about 10 feet from the parachute. The cable and parachute
are then retrieved into the aircraft,

Figure " shows the Trolley drop sequence described above.

EVALUATION PARAMETERS

The parametric data requested by Dunlap are presented in Table X
which uses the same symbols that appear in the previously mentioned
Dunlap report.

Items 1, 2, and 3 assume the Trolley time sequences to be broken
down as follows:

T Time from initiation of extraction until drop cargois
clear of aircraft

T2 Time from aircraft clearing until bdraking
T Time to stop winch
Th Time from winch stopping until winc> starts to reel-in

T5 Time from reel-in start until touchdown

v
.
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Load

Parameter

10.
IR
12.

13.
14,
15.

. Max T

0o ® N O O

. Min T, (seconds)

1
Min T

Min T
Min T
Min T

2
3
4
S

1 (seconds)

Max T
Max T
Max T
Max 15
Exp T] (seconds)
Exp T
Exp T
Exp T4

Exp T5

Min T (seconds)
Max T (seconds)
Exp T (seconds

Fe (pounds)

2
3
4

2
3

Fr (pounds)

v, (fps)

V,, (fps)

B (degrees)
NA(1) = 3 aircraft
NA(2) = 6 aircraft

Min CT (minutes)
Max CT (minutes!

Exp CT (minutes)

M274

General M38AI Weapons

Corgo

1/4-Ton Truck  Carrier

105 MM
Howitzer

M37
3/4-Ton Truck

1.2-
3.3
0.9
1.4
2,0

1.2+

3.3
2.1
2.6
6.0
1.2
3.3
1.5
2.0
4.0
8.8
15.2
12.0
5750
5750
2.0
25.5
9

EEREEEEEEREEEEEEER

7060 12, 660
7060 12,660
4.5 7.5
29.5 39.0

Mixture |
16
22
20

" - Numerical Drop Parameters

11,768
11,768
8.0
41.0

Mixture 2
16
22
20

&
g
N

16,342
9.0
44.0




items i through 10 are the same for single and multiple drons.

Item 11 shows the maximum impact angle.
Item 12 assumes the following:
Mixture 1: Ohe aircraft makes three passes,
Two aircraft make two passes.
Mexture 2: Three aircraft make three passes.
Three aircraft make two passes,
Items 13 through 15 assume a "V" in trail formation as discussed in
Section V of this memorandum. These cumulative drop times do not
differ because only the first element of Mixture 2 makes three passes.

Thus, the time is the same as for Mixture 1 since its first aircraft
also ma'~es three passes.

Figure 73 presents the time histories of the forces of Items 7 and 8.
Each force time history is presented in "g" units and is the same
for all drop loads, (Note that in Trolley airdrop the maximum
retardation force on the drop cargo occurs at extraction,)

Table:XI shows the items, listed in Table II on page 9 of the Dunlap
Report, which Trolley can drop. All other Table II items are too
heavy. It should be noted that the two drop mixtures are labeled
Mixture 1 and Mixture 2.

Tables XII and XIII show how Mixtures 1 and 2, as listed on Dunlap's
Table II, are spaced in a C-130 aircraft. These mixtures are not
considered typical for an operational mission and may well lead to
erroneous conclusions concerning the loading efficiency of a given
drop system. More efficient loading will result when a larger total
load is to be moved due to the greater number of load combinations
possible. In an attempt to optimize the loading of Mixture 2, one
change was made. The six general carvo loads were assumed to be
composed of many small boxes. These boxes were rearranged to fit

on four, 3750-pound, 8«foot platforms. Without this rearrangement,
one more drop aircraft would he required.

Trajectories of the five individual items which Figure 3 shows that
Trolley can drop are presented on Figure 74. The trajectory of the
M37 truck dropped ir a 15-knot. L5-degree crosswind is shown in
Figure 75.



2.0

1.5

Force on Cargo - g's
o

0 1 | |
0 1 2 3 4
Time - Seconds

Figure 73- Maoximum Force Time Histories

148




ltem  Military ‘Rigged Weight

No. Designation Description Weight for Trolley
1 - General Camgn 2,500 2,875
2 MIBA1 1/4-ton, 4 x 4 Uility 3,000 3,530

Truck with 300~Pound
Load
3 M274 Four 1/2-tan Infantr- 5,280 6,330

Light Weapons Carrier
(Piggy-Back) with 14

Boxes of 105 mm Ammo

g 4 105 mm Plus Accessories 5,236 5,884
ﬂ Howitzer
S M37 3/4~ton Cargo Truck 7,187 8,171

with 2400-Pound Load

9 Mixture 1 Two No. 1, Four No, 2, 27,560 32,530
Two No. 3
10 Mixture 2 Six No. 1, Four No. 2, 76,692 87,5%0

Four No. 4, Four No. §

Tan e XI- Drop Items




Length of Cargc

AIRPLANE NO. 1 Compartment Used
Troliey Winch 4

1-1/2" space
On~ M274 9-3/4'

1! space
One M274 9-3/4'

26"

Two general cargo loads on ramp door (one platform)

AIRPLANE NO. 2

Trolley Winch 4

1-1/2" space
One M38Al 12!

1" space
One M3BA1 12’

30-1/2'

AIRPLANE NO. 3

Trelley Winch 4'

1-1/2* spuce
One M38A1 12*

1' space
One M38AI 12!

30-1/2

Table: XII- Ajrcraft Looding Diogram - Mixture 1




Length of Cargo

Airplane No. 1 & 2 Compartment Used
Tre ley Winch 4!
1! space
One 105 mm Howitzer 16'
1/2" space
One 105 mn Howitzer 16
3 37-1/2"

(4500 1b unrigged) on ramp Goor
*5000 Ib rigged " P

Airplarie No. 3 & 4

One cergo

Troiley Winch 4’
1/2' space
: One M38A] 12!
g 1/2" space
! One M38A1 12
{ 1/2' space
! One cargo (3000 b u.nrlgged) 8'
| 400 Ib rigged 3753/2
i
3
i Airplane No. 5 & 6
? Trolley Winch 4"
é ' space
3 One M37 16
1/2" space
One M37 16'
37-1/2

All aircraft make three passes over the drop zone in ¢ V in~trail formetion

with 3 aircraft in each V. On the last pass, aircraft numbers 5 and 6 moke
no drop,

e it - Ajrereft Loading Diagram ~ Mixture 2
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Pigurefﬁé?prelentl trajectory of the maximum, 5000 pounds,
that can"be dropped by Trolley on a drop zone with an altitude
of 5000 feet and a temperature of 100°F, The trajectory of
the M})7 under these conditions, which was requested by Dunlap,
could not be presented because the drop load is too heavy for
Trolley using a C-130 aircraft.

Fignreilﬁgprelentl the trajectory envelope of the M37 dropped

at standard ccnditions. The limits of this envelope are defined
by the maximum errors which can be expected in the drop parameters.
8ince the M37 is also the heaviest item on Dunlap's Table II which
can be dropped, no other trajectory envelopes are shown.

COMFATIBILITY WITH C-14iA

Review of C-141A performance data at a gross weight of 210,000
pounds end a speed of 120 knots indicates that approximately
49,000 pounds of excess thrust is available at sea level and
standard atmospheric conditions, A 20,000-pound unit drop
weight is the maximum that can be delivered by C-141A with the
Trolley system based on a 2.0 g extraction. For a 5000-foot
standard atmosphere drop zone altitude, the unit drop weight is
reduced to 16,000 pounds based on approximately 32,000 pounds
of excess thruet available.

FORMATION FLYING

Formation flying is nossible either with a simple in-trail
formation or with a standard "V" formation with a spacing of 2000
feet between elements. Eiliminating the requirement for each
succeeding eclement within a section to stack 100 feet above the
preceding element is necessary. Altitude control is included

in the random errcr analysis and found to be one of the most

significant variab'es. Thus, fermation drop altitude is dictated
by the loads to be dropped.
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COMPATIBILITY WITH PERSONNEL DEOPS

An analysis was made to determine the Trolley System compatibility
with personnel drops. This analysis was based on the assumption that
a personnel parachute system, similar to the T-10, can be devel~ped
to operalc safely from a drop altitude of 500 feet.

Exit through the paratroop door or over the cargo door ramp results

in the parachute falling directly in line behind the aircraft. Para-
drop of personnel is possible when sufficient vertical and/or hori-
zontal clearance is provided between the Trolley cable and the para-
trooper descending with the T-10 parachute. o.nce horizontal displace-
ment of the parachute would be difficult under some conditions, all
clearance must be provided in the vertical plane passing through the
cable. The T-10 parachute trajectory is such that it falis 120 feet
in 2.7 seconds and then assumes a constant rate of descent of 15.4
feet per second with a 250-pound para:rooper. This path would pass
through the Trolley cable position shcrtly after exit, and no personnel
drop is possible when the cable and drag chute are being towed bebind
the aircraft with the normal %.2-degree depressicu angle.

During the Trclley system load delivery sequence, however, the cable
is depressed from its normal position suiriciently to provide adequate
vertical clearance between the cable and personnel parachute, Suffi-
cient clearance is provided from 4.2 seconds elapsed time from load.
extraction to 14 to 16 seconds at which time the cable and drag
parachute return to the normal 5.2-degree trailing positionm.

If a parachutist jumped 1.4 seconds afier tke load is released, his
T-10 parachute would complete its horizontal deceleration in an
additional 3.2 seconds. At this point he would be 330 feet behiud

the aircraft and separating from it at the constant rate of 206 fuvet
per second. About 6.4 seconds later (11 seconds elapsed time), thu
parachutist would be 1670 feet bebind the aircraft and completely cliear
of the 1664-foot long cable trailing beneath him.

Thus personnel drops are compatible with the Trolley System. A
paratrooper could jump as early as shown in the analysis above or
could delay his jump until 4 to 6 seconds after load release and
still be clear of the trailing cable. The total numwber of personnel
which could be airdropped can be determined after a flight test
program defines the time needed for the cable and drag parachute to
return to the normal trailing position.




MECHANICAL RELIABILITY

A reliability anaiysis of the Trolley system, conducted to assess the
reliability level inherent in the proposed comceptual design, is
based oz one complete operation of the system with the delivery«of a
single drop cargo to a pre-selectod drop some. A failure is defimed
{o be any malfunction which results in failure to deliver the payload
in a useable condition. A reliability level of 0.9997 is predicted
for the proposed Trolley aystem based on the abeve ground rules.

This prediction includes equipmint presently instalied in the C-130
aircraft which are specifically utilized during Trolley airdrop
operation but are not peculiar to the Trolley system. It is assumed,
however, that all other airborne equipment will functiop properly
during the airdrop operation.

Predictc reliability values for individual equipment are shown in
These values are based on experience with similar

ts from 27,832 flight hours of C-lkl operational data; data
from HC-130H test programs; and engineering judgment.

Failures/10° Predicted

Nomenclature System Operations  Reliability
Winch 200 0.9998
Winch Control 20 0.99998
Cable 1 0.999999
Trolley Assembly* 3 0.999997
Cabla & Trolley Guide Rail 1 0.999999
Drag Parachute ] 0.999999
Cargo Tiedowns; Slings, ond

Extraction Lines 3 0.999997
Pendulum System 48 0.999952
Sighting Davice | 0.999999

*|nc ludes functional redundancy

Tahle rXIV - Mechanical Reliability Predicted Values




The high reliability level predicted for the Trolley system can be
attributed to the short duration of the airdrop operation and to the
fact that the system is composed primarily of mechanical equipment
which has historically demonstrated high levels of reliability. The
system does, however, contain hardware which is not available
"off-the-shelf."” Further development of this equipment must ensure
that good reliability design practices acre adhered to if a high
level of reliability for the system is to be achieved.

The reliability analysis indicated that the winch is potentially the
primary reliability problem area in the system. In general, experience
with winches in aircraft applications such as the HC-130d program
indicates that the principal problems are created by the fact that
winches are predominantly designed for industrial applications. Thuas,
the problems associated with the high-strength, light-weight require-
ments of aircraft applications are frequently neglected even with
winches designed to aircraft specifications. Experience has also

shown that this general problem can be overcome by adeguate relia-
bility monitoring and control durirg winch design and developrent.

More specific reliability problems are expected to arise from the
braking and reel-in rate requirements. Although landing gear braking
hardware (such as that found on B-52 aircraft) can be used for
braking the winch, the reliability state-of-the-art for such systems
has been unsatisfactory, historically. This potential problem area
has been lessened somewhat since it was found that increased braking
times (from 0.5 to 1.5 seconds) are permissible within the operational
cuacept of the system. The reel-in rate requirement against the
expected tensile locads imposes an unusually high-power requirement
for the winch. This requirsment, as well as other considerations,
makes the use of a direct electrical or hydraulic drive for the

winch very difficult. Use of a flywheel to store energy until
reel-in is required would preclude the requirement to add an electric
or hydraulic power sowrce to the aircraft system to power the winch.
This simplification will make the winch reliability goals easier to
meet,

The winch control panel is not expected to be a reliability problem
due to its relative simplicity. It is assumed that the control panel
will consist of a simple timing device and associated control
equipment and will not include more sophisticated capability such as
cable tension sensing devices or automated input of aircraft flight
parameters.




The Trolley slide s=zzably is expected te be highly relisble due to
the basi: simplicity of the asaembly and functionsl redwndai 2y in
ine drop cargo release mechanism.

The remaining hardware peculisr to the Trolley systom is essentially
mechanical in matare. Employment of standard reliabilily practices,
such as derating and the use of high-reliability parts will e¢nsure a
high inherent level of reliability for these parts.

N3t *’




HUMAN RELIABILITY

Since a thorough evalustion of the human element in the Trolley systea
would require a relatively complete design of the hardware involved
and the step-by-step rigging procedure, a detailed analysis of human
reliability was not possible within the scope of the current study.
However, a general review of the rigging deleted from the present
systoms aod types of personnel needed to operate the system should
give an indication of the degree of simplification afforded by the
Trolley system.

Analysis of Trolley system requirements for preparation of rigging
of platforms and drop cargo indicate the following may be
accomplished:

Deletions Additions
o Honeycomb as energy dissipator o Four cargo slings per

0 Adhesive for honeycomb unit drop

o Extraction parachute for each © Second extraction line

drop cargo unit

o Cargo parachu..(s) and parachute
platform for each drop cargo

o Parachute riger extensions

o Extra cargo parachute relesse
(with multiple cargo parachutes)

The boneycomb as an energy dissipator may be eliminated due to low
vertical impact velocity (maximum 9.5 fps). Elimination of honeycomb
will lower the vertical center of gravity location 3 to 9 inches
depending on the payload to be airdropped.

Individual extraction and cargo parachutes may be eliminated since
their function is performed by the Trolley system. Additional
rigging is also deleted as shown in Section XI of +his memorandum.

For airdropping with the Trolley systom, the platform is prepared
according to T. 0. 13€7-1-5/TM 10-500. Elimination of honeycowmb,
extraction and drop cargo parachutes, and some plywood requires reposi-
tioning of vehicles and recomputation of the platferm center of gravity.
Lashing procedures for individual vehicle and mass loads remain basi-
cally the same as outlined in applicable Arwy Techuical Manuals

10-500. Use of static iines sizilar to those employed for extraction
and cargo parachutes with current airdrop systems remains the same

. gy
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for Trolley. Use of time delay cartridges (approximately 10 seconds)
with cargo parachute relesses will be centinuved. Dual extraction
lines attached to the Trolliy assembly suspension points would be
utilizad to preclude exceeding the limit load capacity of 1.5 times
the gross rigged weight, Attachment of dual extraction lines to
vehicle loads will be similar te that in TMIO-500 for the M151,
1/h-ton utility truck e¢quipped with shackles or pintels. The
capacity of the airdrop cargo suspension slings will be doubled in
strength by use¢ of two slings per suspension point or a greater
nmber of loops per sling.

Blimination of individual extraetion and cargo parachutes, honey-
comb, and plywood jreatly reduces the unit airdrop weight, cost per
pound of drop cargo delivered, parachute inventory, wnit rigging
time, aud the awmber of parachute-rigger and aerial port squadren
personnel. L loadmaster assistant (total airdrop crew of 3), will be
required for multiple-ass/single-drop Trolley airdrops for duties
similar to those performed during current PLADS AND LAPES airdrops
per AFM 55-130. The overall skil® lcvel required will remain the
same. The nmber of parachute rigger personnel will be reduced and
loadmaster personnel requirements will increase. Aircrew personnel
(pilot, copilot, and navigator) will require no additional formal
training.

Due to the simplification inhereni{ in the Trollev system, an
increase in human rvliability over the present system canm be sxpected.

162 - .
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SENSITIVITY ANALYSIS

The sers.tivity analysis wax conducted by using a total ayatem
approach. Those variables vhich exert significant influence
on horizontal impact velocily, vertical impact velocity, and
airdrop altitude were isclated to determire their individual
effects on these three parcmeters. These variables fellow:

Aircraft Velocity

Unit Drop Weight

Parachute Drag

Parachute Vertical Position
Initial Ceble Length

Cable Length at Braking
Time for Braking

Results of this analysis are presented in Figures 11 through i7.
Plotted on the abscissa of each figure is one of seven variables
listed above;

plotted on the ordinate are the following three

Horizontal Impact Velocity
Vertical Impact Velocity
Airdrop Altitude

All curves presented in the sensitivity analysis are subject ito the
following conditions:

Aircraft Velycity 130 knots
Unit Drop Weight 10,000 pounds
Initial Cable Length 1360 f2et
Cable Length at Braking 1650 feet
Parachute Position 5-degree depression
angle

Braking Time 1.5 seconds
Parachute Drag 20,000 pounds
Sea Level Standard Dey -

R




T T TR AR

The above conditions are the worst case for Trolley since the
unit drop weight is 10,000 pounds (maxiwum for Trolley using a
C-130). The aircraft velocity also approaches a mexirum for
Trolley for reasoneble impact velocities. Much lower herlzontal
velocities occur with a reduction in aircraft velocity. it an
aircraft velocity of 110 knots, the horizontal impact velocity
for a 10,000-pocund drop cargo is about 15 feet-per-secord. At
120-knot aircraft velocity, the horizontal impact velocity is
about 25 feet per second.

Figure 78 shows that vertical impact velocity changes very litile
with aircraft velocity error. Horizontal impact valocity and drop
eltitude, however, each change measurably with aircraft velocity
variations. It should ve noted that all three variables plotted
on the ordinate assume lower values at the lower aircraft vslo-
cities. Hance sne can concliude from the mathematics of tke
system as well as intuitive logic that lower impact velorities and
lower drop altitudes result at the lower aircraft velocities.

Figure 79 shows that the Trolley sysiem is easentially insensitive
to unit drop weight within the range of weights shown on the
abscissa of that figure. The variation of * 500 pounde in tike
mit drop reight (10,000 pounds) amounts to a * 5 percent error
allowable in determining that weight.

The error in parachute drag affects thke impact velocities and drcv
altitude as shown in Figure 80, osince parachute drag is the forcs
which extracts the drop cargo, the initial error in parachute drag
is directly proportionai to an error in extraction acceleration.
In this sensitivity analysis, the error of * 1000 pouxds in
parachute drag amounts to * 5.0 percent of the total drag of
20,000 pcunds. This also amounts to * 5.0 psrcent ervor in
extraction acceleration or * 0.1 g error in the nominal 2.0 g
extraction. The drop altitude is measurably affected Ly this
source of error, tat impact velocities are relativoly insemsitive.

Horizontal impact velocity and drop altitude are measitive to
parachute vertical position while vertical velocity appears tec be
insensitive to the parachute position as shown in Figure 31.
Actually, the increaze in drop altitude with lower initial parachute
position aliows for a longer time for vertical velocity to be
arrected. If drop altitude were held constant, then veriical
velority would show essentially the same sensitivity to parachute
position, but horizontal velocity would be higher. The range of
parachute positions investigated (* 20 feet) amounts to about 17
percent of the parachutes nominal distance belew the airplane,
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The initial cable length payout of 1300 feet is one variable that
should be subject to very little error since its measurement is
simple and accurate. An error of * 25 feet or 1.9 percent of
cable payout has only slight effect on drop altitude and :
essentially no effect on impact velocities as shown in Figure 82,
e

The amount of cable payed cut during free fall added to the initial
line length amounts to the cable lengtk at braking. As seen in
Pigure 83, horizonta. impact velocity is higher for the shorter
payout lengths, and drop altitude is affected in the opposite
manner, Vertical velocity showa a continuing increase with
additional cable payout. The range of error investigated was * 40
feet or 2.4 percent of cable length at braking. Again this is a
variable that should be subject to little error.

The braking time error of * 0.6 second shown in Figure g4 amounts

to *+ 40 percent of the nominal 1.5-second braking time."” This large
possible error was investigated bocause of the degree of uncertainty
concerning repeatability of stopping time for the brake. Fortunately
the Trolley system performance is affected only slightly by this
relative large error.

In Figure i) the horizontal and vertical impact velocity variations
with drop altitude are shown. The altitude error shown is + 20 feet
or + 4 percent of the nominal 500-foot drop altitude. Thia error
change is wgll within current staie of the art radar altimeters
accuracies.

*
See QOpevaticnal Analysis and Cost Paragrapbs,
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SIGNATURE

The Trolley sysiem offers great advantage for concealing evidence

of an airdrop. Whereas present airdrop aystems leave on the drop

zone the equipment used for retarding the speed of the wnit drop -
weight and lowering it to the ground (rockets, parachutes, water

twisters, etc.) and the honeycomb uzed for arresting vertical

velocity, Trolley retrieves all such equipment into the drop

aircraft. Not only does this clear the drop zome of such equipment,

but i{ also permits reuse of these items.

The only items left on the drop sone are the unit drop weight, the
drop platform, the rigging strapa, ard the Trolley slide assembly.
The slide asseably will be quite small (about 30 inches long) znd
is easily disposed of. The remaining straps and platforms will
result in a mnch smaller protlem for clearing the drop zone than
is presently experianced with airdrop systems.




COST
This section presents estimated costs of the following:
o New Equipment
o Cost of Added Equipment

o Cost of Equipment used in Conventional Airdrop
that is Deleted from Trolley Airdrop

Table XV gives the costs of equipment that is part of the Trolley
system itself; Tables XVI through XXV give deleted and added costs
of rigging for Trolley airdrop relative to conventional airdrop.

All of the items listed ia Table XV stay with the aircraft or are
retrieved into the aircrart after Trolley airdrop with the exception
of the slide. The slide is reusable but it is released from the
cable after airdrop. Therefore, none of the items in Figure 100
(with the exception of the slide) have to be repurchased or retrieved
for additional airdrops. These non-recurring purchases are thus
amortized over the life of the Trolley system.

Table XVI through XXV list equipment used in conventional airdrop
that is deleted for Trolley airdrop, and they also list the additive
equipment necessary. Associated costs and weights of each item are
also listed. The 10 rigged loads presented are those that Trolley
is capable of delivering as listed in Table III of the Dunlap
infisrmation requirements document.

FINAL CONSIDERATIONE

Data presented in tnis memorandum are in accordance with the request
made by Dunlap in its informuation requirements document. Those data
requested wore specific in nature; hence some of the capabilities of
Trolley are not apparent in the results presented here., For example,
Trolley has an inheren! accuracy capability that allows very precise
airdrop of equipment. These accuracy capabilities of Trolley are
discussed in the Random Error and Accuracy Analyses and the Jpera-
tional Analysis sections of the formal 2L40-day progress report dated
29 July 1966. In these sections of the progress report the small
elliptical shape of the drop zone required for Trolley is described
in detail. Of significant importance is that Trolley requires only
2 180-foot long, 18-foot wide drop zone for a single drop when the
aircraft is flying at 130 knots.



{tem Description

Slide

Guide Rail

Stop

Guide Pulley

Cable

Guillotine

22" Ringslot Parachute*
28' Kingslot Parachute*
35' Ringslot Parachute*
Winch Plotform

Rodar Altimeter

Winch

Trolley Equipment Cost

Aveiaqe

Unit High Low
Cost Estimate Estimcte
Quontity Dollars Dollars Dollars
1 600 1,000 400
1 500 800 400
1 45 75 25
2 35 50 20
1 2,000 2,400 1,800
1 250 300 225
i 250 300 235
1 370 420 350
1 500 550 480
1 500 700 400
1 7,000 7,800 6,800
1 84,000 84,000 84,000
95,335 97,595 94,440

Note: The winch concep! is within the state of the art and would
not require cny breckthrough in technology. However,
Lockheed has little experience in estimating winch costs
and does not feel qualified to pass judgment on these
figures; hence no estimate of high and fow costs was made.

*Only one parachute used per drop. The 28-foot parachute costs
were used in arriving at the totals.

’

. DI “f .
. Thy teKiv - Cost of Peculiar Trolley Equipment
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Rigging Lood wumber 1

M38A1, 1/4-Ton Utility Truck
Table XXI TM10-500-10

FSN

3040-273-8712
1670-753-3928

1670-269-1107
1670-851-4574
1670-897-4459
1670-753-3794
1670-473-5115

1670-473-5116
NSN

1670-753-3789

1670-753-3790

Delete

Nomenclature

Adhesive, Paste
Fad, Energy Dissipating
(Honeycomb)
Ix10x 12
Ixi2x12
Ix12x18
3x12x 96
Parachute, Cargo,
100 ft., G-11A
Parachute, Cargo Sxtrac-
tion, 15 ft.
Cable, Release, Para-
chute Extraction
Cable, Release, 20 ft,,
{floor) (Kkiser Ext.)
Static Line Cargo Parachute
Strap, Parachute Release
Plywood, 3/4 x 48 x 60,
(Parachute Stowage Plat-
form)

Add

Sling, Cargo A/D, 8 ft.,
2-loop

Sling, Cargo A/D, 9 ft.,
2-loop

Net Savings Per Drop

Totai
Cost, Weight,
Quantity  Dollars  Pounds
A.R. 2.50 5.0
12 5.46 8.35
10 5.42 7.25
14 10.30 13.80
8 34.70 47.00
2 2300.00 500.u
] 98.75 26.0
1 2.00 1.0
2 28.80 ]
2 14.60 2
] .90 1
1 8.00 50.
2512,43 662.40
2 12.00 4
2 13.00 4
25.00 8
2487, 43 634.4

Current Rigged Unit Weight 4180 pounds, WR/W =1.415
Trolley Rigged Unit Weight 3530 pounds, W‘(W =1,195

i 17T - Rigging Cost, M38A1
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Rigging Load Number 2

FSN

Delate

Nomenclature

8040-273-8713  Adhesive, Paste
1670-897-4459 Cable, Release, Parachute,
Extraction
1375-862-6923  Cartridge, Time Delay, Z0 sec.
1670-799-8596  Lood Coupler, 8 spool
1670-269-i1107  Parachute, G-11A
1670-851-4574  Parachute, 15 ft, Extraction
1670-799-8494  Release, Cargo Parachute,
5000 ib.
1670-753-3794 20 ft. (2-loop)(Riser Ext.)
1670-473-5115  Static Line, Cargo Parachute
1670-473-5116  Strap, Parachute Release
8305-263-3591  Webbing, Type VIIi (Para.
Restraint Strap)
NSN 3/4 x 48 x 52 Plywood
1670-753-3928  Honeycomb Pad
Ix12x12
Ix12x24
3x12x30
Ix12x40
3Ix12x48
3x12x54
3 x 12 x 48

1670-753-3791  11-ft. (2-loop) Sling

Net Savings Per Drop

Add

M37, 3/4-Ton, 4 x 4, Cargo Truck (Without Winch or Accompanying Load)
Table 4 (Column A) TM10-500-11

Total
Cost, Weight,
Quantity  Dollars  Pounds
A.R. 2,50 5.0
[ 2,00 ]
2 5.00 ]
! 20.00 25
2 2300.00 500
] 98.75 26
2 120.00 20
2 14.40 5
2 14.60 4
' 1.90 2
6 yd. 2.20 2
1 8.00 50
10 5.42 7.4
3 3.25 4.4
2 2.71 3.7
11 19.50 26.5
2 4.34 5.9
14 34,15 46.3
6 13.00 17.6
2671.72 752.80
4 32.00 8.0
32.00 8.0
2039.72 744.8

Current Rigged Weight 7409 pounds, WR/W = 1,305
Trolley Rigged Weight 6671 pounds, WR/W =1,175

“abie YVI1 - Rigging Cost, M37

- 78




Rigging Load Number 3
7000-Lb. Mass Load on 8-Ft. “odular (168 5-Gallon Cans) (4 A-22 Containers)
. (Load Suspension)
TM10-500 -12-3 Table Equipment Required (Added)
Delete
Towd!
Cost, Weight,
i FSN Nomenciature Quantity Dollars  Pounds
1670-753-3928  Pad, Honeycomb
Ix17x96 ] 6.50 8.8
3 x28x 91 ] 8.66 11.9
3x36x91 2 25.00 33.8
3x36x 96 2 26,00 35.3
1670-269-1107  Parachute, 100 ft., G-11A 2 2300.00 500.0
1670-851-4574  Parachute, 15 ft., Extraction 1 v3.75 26.0
2464.91 615.8
Add
16/70-753-3790  Sling, 9-ft. (2-loop) 4 24,00 8
1670-753-3792  Sling, 11-ft, (2-loop) ] 8.00 2
32.00 10
Net Savings Per Drop 2432,91 605.8
Current Rigged Unit Drop Weight 8860 pounds, W‘/W = g—g%—g— =1,265
. . . o am _ 8255 _
rolley Rigged Unit Drop Weight 8255 pounds, WR/W * 5500 = 1.180
Tabie XVITI -~ Rigging Cost, 7000-Pound Mass Load

erverereee T
i e
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Rigging Load Number 4

M101 3/4-Ton Cargo Trailer
Table 3 TMI10-500-13

FSN

8040-273-8713
1670-753-3928

1670-269-1107
1670-851-4574

1673-753-3789

Current Rigged Weight 5030 pounds, WR/W =

Trolley Rigged Weight 4415 pounds, WR/W =

Delete

Total
Cost, Weight,
Nomenclature Quantity  Dollars  Pounds
Adhesive, Paste, 1 gal. ] 5.00 10,0
Pad, Energy Dissipating
3x12xi2 12 6.50 8.8
3x12x32 18 26.00 33.8
3x12x36 10 16.30 22.0
3x12x42 ] 1.90 2.6
3x 12 x50 1 2,17 2,9
3x12x53 ] 2.44 2.9
3x36x36 1 4.85 6.5
Parachute, Cargo, G-11A 2 2300.00 500.0
Parachute, Cargo Ext. 15 ft, 1 98.75 26.0
2463.91 615.5
Add
Sling, 8 ft. (2-loop) 4 24.00 8
24.00 8
Net Savings Per Drop 2439.91 607.5
5030 _
3840 1.31
4415 _
m ]- ]5

Table XI¥ - Rigging Cost, M101
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Rigging Load Number 5

M170 1/4-Ton Ambulance
Table XLV TM10-500-10

Total
Cost, Weight,
FSN Nomenclature Quantity  Dollars  Pounds
8040-273-6713  Adhesive, Paste, 1 gal. I 5.00 10.0
: 1670-753-3928  Pad, Energy Dissipating
: 3x6x12 4 1.08 1.5
3x10x12 18 9.74 13.2
3x12x12 10 5.42 7.3
3x12x 16 4 2.71 3.5
3x12x112 8 39.00 38.2
3x16x20 2 2,17 2.9
3 x 20 x 56 1 2,71 3.5
1670-269~1107  Parachute, Cargo, 100 ft., 2 2300.00 500.0
G-11A
. 1670-851-4574  Parachute, Cargo Ext,, 15ft. 1 98.75 26.0
NSN Plywood, 3/4 x 48 x 60 1 8.00 50.0
2474,58 656.1
Add
1670-753-3789  Sling, 8 ft. (2-loop) 2 12.00 4.0
1670-753-3790  Sling, 9 ft. (2-loop) 2 13.00 4.0
25.00 8.0
Net Savings Per Drop 2449,56 643,1
. s g . 4400
Current Rigged Weight 4400 pounds, WR/W = 3557 1.34
. - - _ 3744 _
Trolley Rigged Weight 3748 pounds, WR/W = 3557 - 1.14

Tab le iX¥ - Rigging Cost, M170

<5
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Rigging Load Number 6

105 mm Howitzer with 1800 Pounds Accompanying Load
Table 3 TM10-500-19

Delete

Tetal
Cost, Weight,
FSN Nomenclature Quantity  Dollars  Pounds
8040 Adhesive, Paste A.R, 2,50 5.0
1670-753-3928  Pad, Energy Dissipation,
(Honeycomb)
3 x 36 x 34 2 22,80 38.0
3x18x36 6 15,20 19,1
3x18x36 6 15.20 19.1
1375-862-6923  Cartridge. Time Delay, 20 sec. 3 7.50 1.0
1670-799-8596  Load Coupler, 8 spool ] 20,00 25.0
1670-269-1107  Parachute, Cargo, 100 fi., 3 3450,.00 750.0
G-11A
1670-687-5458  Parachute, Cargo, Ext., 22 ft. 1 235.00 42.0
8305-263-3591  Webbing, Nylon Type VIII 6 yds 2.00 2.0
NSN Plywood, 3/4 x 48 x 60 [ 8.00 50.0
3778.20 951.2
Add
1670-753-3789  Sling, 8 ft., 2-loop 2 12.00 4
1670-753-3790  Sling, 9 ft., 2-loop 2 13.00 4
1670-753-3791  Sling, 11 ft., 2-loop 2 24.00 4
1670-753-3794  Sling, 3 ft., 2-loop 2 9.10 4
58.10 16
Net Savings Per Drop 3720,10 935,2
. . _ 8626 _
Current Rigged Weight 8626 pounds, W'{W = S04 - 1.23
. . 1 _ 7654 _
Trolley Rigged Weight 7654 pounds, WR/W = 88 1.09

MXU - Rigging Cost, 105 mm Howitzer
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Rigging Load Number 7

M274, 1/2-Ton Infantry Light Weapons Corriers (4)
TM10-36-3-1 Appendix

Delete
Total
Cost, Weight,
ESN Nomenclature Quantity  Dollars  Pounds
1670-753-3928  Pad, Energy Dissipation
Honeycomb
3x5x25 18 9.75 13.2
3x5x10 8 1.63 2.4
Ix5x12 4 1,08 1.5
3x12x29 36 48.80 63.0
3x8x27 8 6.50 8.8
3x8x25 8 7.05 9.4
3 x 33 x 36 4 18.42 25.0
8040-273-8713  Adhesive, Paste (gallon) ] 5.00 10.0
1670-277-9803  Parachute, 64 ft., G~12D 3 1746.00 378.0
1670-269-1107  Parachute, 100 ft., G-11A ] 1150.00 250.0
1670-851-4574  Parachute, Cargo Ext,, 15ft. | 98.75 26.0

3092.98 787.30

Add
1670-753-3791  Sling, 11 ft. (2-loop) 4 32.00 8.0
1670-753 Sling, 16 ft. (2-loop) 2 23,30 6.0
55,30 14,0
Net Savings Per Drop 3037,68 773,30
. . _ 7160 _
Current Rigged Weight 7160 pounds, WR/W = 5280 - 1.356

Trolley Rigged Weight 6368 pounds, WR/W = g—g—%gr- 1.208

Note: Piggyback (top) load lands with basic (bottom) load as single unit
with Troiley air drop system. Current air drop systems have piggy-
back separating and being lowered to greund by G-12D and G-11A
cargo parachutes, respectively,

‘!’EY;T.I:.! XXX F Rigging Cost, M274
1an




B_M Load Number 8

M151, 1/4-Ton Utility Truck (Truck Only)
Table IV TM10-500-10

FSN

8040-273-8713
1670-753-3928

1670-269-1107
1670-851-4574
NSN

1670-753-3789
1670-753-3790

Delete
Total
Cost, Weight,
Quentity Dollars  Pounds
Adhesive, Paste, 1 gal. 1 5.00 10.0
Pad, Energy Dissipating,
Honeycomb
3x6x8 28 5.10 70
3x12xi2 6 3.25 4.4
3x12x 20 ) 5.42 7.3
3 x24x48 3 13.0 17.6
Parachute, 100 ft., G-11A 1 1150.00 250.0
Parachute, Cargo Ext., 15 ft. 1 98.75 26.0
Plywood, 3/4 x 18 x 20 1 1.14 7.0
3/4 x 24 x 48 1 3.20 20.0
1284.86 349.3
Add
Sling, 8 ft., 2-loop 2 12.00 4
Sling, 9 ft., 2-loop 2 13.00 4
25,00 8
Net Savings Per Drop 1259.86 341.3
. . . _ 3088 _
Current Rigged Unit Weight 3088 pounds, WR/W =500 - 1.289
2747 _ 114
=1,145

Trolley Rigged Unit Weight 2747 pounds, W’(W = 5400

Sy pe liy.] - Rogging COS?, M15)
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Rigging Load Number 9

M416, 1/4-Ton Cargo Trailer with Accompanying Load
Appendix || TM10-500-61-3

Delete
Total
Cost, Weight,
ESN Nomenclature Quantity Dollars  Pounds
1670-269-1107 Parachute, Cargo, 100 ft., 1 1150,00 250.0
G-ilA
1670-851-4574 Parachute, Extraction, 15 ft, | 98,75 26.0
1248,75 332.2
Add
1670-753-3789 Sling, 8 ft. (2-loop) 4 24,00 8
24,00 g
Net Savings Per Drop 122475 324.2
2520 _ 1 348

Current Rigged Unit Weight 2520 pounds, WR/W =T890
2196

Troliey Rigged Unit Weight 2196 pounds, WF/W “ 1570 - 1.173

S - Rigging Cost, M416




Rigging Load Number 10

TM10-500-20

FSN

8040-273-8713
1375-862-6923
1670-799-8597
1670-753-3928

1670-269-1107
1670-587-5459
1670-799-8494

1670-473-5115
NSN
NSN

Dalete

Nomenclature

Adhesive, Paste, 1 Gal.

Cortridge, Time Delay, 20 sec.

Load, Coupler, 12 Spool
Paod, Energy Dissipating,

Honeycomb

Ixb6x12

Ixéx3C

Ix12x12

Ix12x18

Ix12x20

Ix12x30

Ix12x36

3Ix12x40

Ix12x 42

Ix12x34

Ix12x60

Ix18x18

3Ix20x 30
Parachute, 100 ft., G-11A
Parachute, Corgo Ext., 28 ft.
Release, Corgo Ferachute,

5000 ib.
Statiz, Line Curgo Parachute
Lumber, 3-1/8 x4 x 9
Plywood, 3/4 x 1% x 85

Add

Sling, 16 ft., 2-loop
Sling, 11 ft., 2-loop

Net Savings Per Drop

Trolley Rigged Weight 15,508 pounds, W,{W =

M35 2-1/2 Ton Cargo Truck wiih 1500 Pound Accompanying Load

Current Riggec Weight 17,464 (chanqed from 18,364) pounds, WR/W =

15,508 _
14,380

Table xXV - Rigging Cost, M35

188

Total

Cost, Weight,
Quontity Dollars  Pounds

1 5.00 10

6 15.00 2

1 30.00 35
5 1.63 2.9
6 4.06 11.2
5 2.7 3.5
] .81 1.2
7 4.23 5.6
5 6.75 g
13 21.10 29.4
1 1.73 2.3
12 22.80 30.8
12 29.30 39.6
12 32.50 4.1
18 21.70 29.4
5 32.50 4.1
6 6900.00 1500.0
1 350,00 100.C
2 140,00 2.0
2 14,40 2.0
2 .58 4.0
i 8.00 50.0
7644.52 1976.2

2 16.00 4

2 23.30 4

39.30 8
260,62 1968.2

17,464

14,380

=1.215
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The Operational Analysis section alse shows that Trolley requires
only minor changes to present training, rigging, and operational
procedures. This, combined with little or no change to the drep
aircraft, makes the introduction of Trolley into the Army
inventory 2 relatively simple matter. *

The rigging requirements for Trolley sirdrop are substantially
reduced compared to conventional eirdrop. Significant cost and
weight savings are realized as poted in the cost section of this
document. Howevur, ths Economy and Operétional Analysis sections
of the 240-day progress report contain more detailed informstioen

on the cost analysis and its impact and on the rigging weight saved.

The heaviest load item in the Dunlap report (Table II) that Trolley
can deliver -is the M37 vehicle which weighss 7187 pounds. Hence
Trolley's ability to deliver a full 10,000--pound package is over-
loocked. Complete didta on system performance while a 2000 to 10,000~
pound package is being delivered are found in the Analog Besults
secti_.a of the 240-day progress repert. It is imporiamt to note that
loading studies of the airborne movement of mﬁr Army units show that
over 90-percent of the items to be moved weigh less than 10,000 pounds
each. Thus Trolley has the ability to deliver most of the items which
must be moved.

The Yunctional Analysis section of the 240-day progress report contains
discussions of the maintainability and simplicity of Trolley. The

ease of maintenance and the simplicity of the equipment are important
factors for evaluating the operational desirabilityocof Trolley.

The Wita presented herein show the results of a conceptual study which
considered drop weights from 2000 to 10,000 pounds and drop speeds of
110 to 150 knots. As such, the results are not optimized to any specific
conditions, If a nominal drop speed were chosen, say 150 knots, then a
variation of the other drop parameters (extraction acceleration, winch
braking time, initial cable length, etc.) could be accomplished to
optimize impact velocities and drop altitude. Further reduction which
could be expected in these items would improve the overall desirability
of the Troliey Airdrop System.

187
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maintain tension in a long cable from which a load way be suspended until it con-
tacts the ground. After it is extracted by the force of the parachute, the load
slides beneath the cable until it contacts the ground. Rate of descent is con-
trolled by a winch in the aircraft that reels in the cable as needed to.mwininize
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This preliminary concept-oriented investigation was undertaken to determine the
feasibility of developing this system for operational use. The study consists of
analytical evaluation of the operational parameters, limited component testing, and

consideration of basic hardware requirements.

Finalization of hardware design is

not within the scope of this report.

Trolley airdrop are among the analytical methods employed.

Digital and analog cowmputer simulations of
Two tests of a para-

chute towed on a Trelley cable behind a C-130 aircraft are evaluated.

Laboratory

tests of certain components are analyzed with respect to flight safety.

Results of this study indicate no prcblems which preclude the developuent of the
Trolley airdrop concept into an operaticnal system for airdropping individual loads
of 2,000 to 10,000 pounds from a C-130 below 500 feet. Comparison of Trolley to
conventional airdrop shows: (1) costs are reduced, (2) accuracy is improved, (3)
impact velocities are lower, (4) rigging is simplified. However, the system is un-
suitable for mass assault where several unit loads must be dropped per aircraft pass.
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